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PREFACE. 



This little book belongs to the Hand-Book series, which 
has been received with favor during the last few years. 
The success which attended the publication of these unpre- 
tentious volumes and the large number of inquiries from 
owners of water and steam power and other capitalists, as 
well as from agents of hydraulic and electric power com- 
panies, engineers of power transmission statibns, motor 
inspectors and other persons interested in power trans- 
mission, induced the author to prepare this new hand- 
book. As usual the author has endeavored to avoid as 
much as possible the use of scientific terms and has em- 
ployed only simple algebraic formulae. For those who 
wish to study the subject of electric power transmission 
beyond the compass of this hand-book the following 
named works are recommended: " Electric Transmission 
of Energy," by Gisbert Kapp, C. E ; " Kritische Ver- 
gleichung der Kraftuebertragung mit den Gebrauechlich- 
sten Mechanischen Uebertragungs Systemen," by A. Ber- 
inger; "Dynamo Electric Machinery," ly Prof. S. P. 
Thompson; * Electric Motors," by F. J. Sprague (late 
Ensign U. S. N.), a paper read before U. S. Naval Insti- 
tute, Annapolis, May 16, 1887; "The Transmission of 
Power by Electricity," by F. J. Sprague, a lecture delivered 
before the Franklin Institute, Nov. 12, 1888; "Some 
Applications of Electric Transmission," by F. J. Sprague, 
a lecture delivered before the students of Sibley College 
and published in the Scientific American, July 20 and 27 
and Aug. 3, 1889; the papers of George \V. Mansfield, 
Richard P. Roth well, Francis A. Pocock, H. C. SpauJding 
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and others, read before the American Institute of Mining 
Engineers, and the paper of II. Ward Leonard, read be- 
fore the Association of Mining Engineers of the Province 
of Quebec, April 29, 1891. This work was almost ready 
for the press, when Kapp's Cantor Lectures and C E L. 
Brown's paper before the Electrical Society of Frankfort- 
on the-Main were received. 

Reference has been made, as far as time and space would 
permit, to ideas found in these works. 

F. B. BADT. 
Chicago, June, 1891. 
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INTRODUCTORY. 



The most prominent modes of long distance transmission, 
in use to-day, are: The steam, hydraulic, wire rope, pneu- 
matic and electric systems. 

For distances over one-half mile or where power must be 
distributed to a large number of smaller machines, the 
electric system has been proven to be by far the most 
economical. 

Steam can be transmitted economically for short distances 
only, owing to the large loss in condensation in long steam 
pipe lines, which are very expensive, both as to first cost 
and repairs; besides fuel is easily portable and a numjper 
of isolated steam plants in most instances can be operated 
cheaper than a large boiler plant, distributing steam through 
many thousand feet of steam pipe. If fuel is scarce and 
transportation high, the use of steam power, of course, will 
be unprofitable in either case. 

Water power is portable only to a very limited extent. 
Mountains or steep grades may necessitate tunneling or the 
construction of very expensive canals. In the past, manu- 
facturers were, therefore, compelled to erect their factories, . 
mills, etc., close to the river or falls instead of trans- 
mitting the water power to locations best adapted for their 
purposes. In many instances water power could not be 
utilized at all; for example in mining, as, of course, the 
location of a mine could not be changed. 

Wire rope transmission cannot be applied for long dis- 
tances nor can it transmit great amounts of power. The loss 
by friction and the cost of maintenance of heavy cables are 
too great. It is claimed for the cable car systems in Chi- 
cago (which may be considered as an il ustration of wire 
rope transmission) that their commercial efficiency is less 
than 20 per cent. ; or, in other words, 80 per cent, of the 
engine power is wasted in keeping the cable in motion 
while only 20 per cent, is delivered at the grip cars. No 
wonder electric street cars are taking the lead. They will 
eventually replace the cable system, except in a few instances 
I 
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"as* ^oiriteM # otft* in" Theo.' P." ^alley's paper read before the 
Chicago Electric club, November 17, 1890. 

Compressed air was until a few years ago the only method 
of transmitting power to great distances. In mining it was 
used almost exclusively. This power was used in the con- 
struction of the famous St Gothard tunnel which connects 
the Italian railway systems with those of Swi zerland and 
Germany. If such a tunnel should be built to-day, it may be 
safely said that electric energy would be the agency. The 
main sources of water power in Switzerland are, as in the 
mountainous western states, characterized by small vol- 
ume and great head, and could easily be used for driving 
water wheels of the Pelton or similar types coupled directly 
to electric generators. 

Probably the largest pneumatic transmission plant in this 
country is near Marquette, Mich., which delivers at a 
distance of three miles 390 horse power as indicated at the 
engines at the Chapin and Ludington mines This 390 
horse power represents only 27 per cent, of the horse power 
indicated by the compressors at the power station. The 
cost of this installation was about $500,000, the pipe line 
alone costing over $60,000. An electric transmission 
plant to deliver 390 horse power could be erected for about 
one sixth the cost of the pneumatic plant. 

The%e few notes will give an approximate idea of the 
commercial value of the systems mentioned for transmitting 
power from one point to another beyond one-half mile dis- 
tance But even for shorter distances where power must 
be distributed to a large number of smaller machines, the 
electric system is preferable Instead of going into any 
lengthy arguments, a few paragraphs may be quoted from 
a letter dated Rock Island Arsenal, February 17 1890, 
from J. M. Whittemore, colonel of ordnance commanding, 
to the chief of ordnance: 

" The water wheels being connected in sets of four with 
generators, each generator will be able to transmit its elec- 
trical energy through a copper wire to any one motor at any 
one time at any one shop, at a maximum loss of 60 horse power 
out of 200, giving ineffective horse; power to do the work. 

"With the wire rope and rigid shafting transmission, 
this 200 horse power would not suffice even to move the 
shaft for doing any work in shops A and B. 

44 With a capacity of 700 horse power, which is all that 
would be available under the present condition of the 
Water Power Pool, 510 horse power would be lost in fric- 
tion and 190 left to do work. 
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'•In electrical transmission 210 horse power would be 
lost, leaving 490 horse power available for work; or, a sur- 
plus of 300 horse power in favor of electricity. 

" So far as the practicability of this system of transmis- 

. sion by electricity is concerned, there are reliable firms 

ready to contract for the work, and guarantee its success." 

Much more might be said comparing the different sys- 
tems of transmission, but as the space of this book fs 
limited, we must refer the reader to the s'udy of the excel- 
lent books and papers mentioned in the preface. 

The main object of this little book is, first, to answer in 
a plain, and, we hope, practical manner such questions as 
power-producers and other prospective customers will ask 
electric manufacturers relating to power transmission; and 
secondly, to give practical rules and hints to engineeis and 
motor inspectors in charge of transmission plants. 

Questions often asked are : 

Is electric power transmission a practical and commercial 
success and not a mere experiment ? 

What are the general advantages of electrical transmis- 
sion over other systems ? 

To what distances may electric energy be transmitted, 
how many mechanical horse power can you recover at the 
motor shaft out of one hundred mechanical horse power 
delivered at the generator pulleys, and what percentage of 
electrical energy is lost in the conductors ? 

What is the approximate cost of generators and con- 
ductors to deliver power at various distances? 

Chapter I. 
Statistics. 

The first question can easily be answered by the following 
statistics: 

On January 1, i8gr, there were in use in the United 
States as nearly as can be estimated from statistics pub- 
lished since August, 1890 : 

In Central Stations— 

Horse Power. Capital Invested. 
Arc and Incandescent Lighting, . . .390 000 $128,000,000 

Electric Railways. 106,000 50,000,000 

Stationary Motors on Independent 

Power Circuits. ,,,,,,.,.,...... 26,000 9,000,000 



Total , . , , , . .522,009 $187,000,000 
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Isolated arc and incandescent plants are not included in 
the above figures 

Over half a million horse power is, therefore, generated 
every day throughout the United States to deliver electric 
energy over circuits from a few hundred feet to fifteen 
miles and more in length. Whether this electric energy is 
used for street cars, for stationary motors or for lighting, 
is immaterial; it is electric power transmission, pure and 
simple. Arc or incandescent lamps may be taken out of 
the circuit and electric motors substituted, and, vice vrrsa, 
arc or incandescent lamps may be operated on any power 
circuit. It is generally known that electric street cars are 
lighted and heated by the electric current which is taken 
from the wire conveying electric energy to the street car 
motors. 

It is hardly necessary to say any more relating to the 
first question, whether electric power transmission is an ex- 
periment, considering the fact that over half a million 
horse power is generated every day, and almost $200,000,- 
000 invested for this purpose in the United States. 

It has already been pointed out in a general way why 
electric long distance transmission is superior to other 
modes. 

The electric transmission system is very flexible — it means 
in most instances an air line from power to motor; the con- 
ducting wires are cold and clean, they may be bent around 
sharp corners, and to the casual observer, there is no evi- 
dence that they are conveying, possibly, hundreds of horse 
power. Mining Engineer Browne of World's Fair Mine 
fame, who read a paper before the Chicago Electric club 
December 1, 1890,* explained most graphically the advan- 
tages of electricity in mines, and the drawbacks in long 
compressed air or steam pipe lines. 

Steam especially is disliked by miners as it heats the 
mines, fills the air with moisture, and makes the problem of 
ventilation still more difficult. 

New applicat : ons of electric transmission of power are 
made almost daily, as is shown in the following quotation 
from the Mining and Scientific Press of San Francisco : 

" In this day of steam, electricity and fast transportation 
in general, the motive power of the old canal— the mule — 
can not be considered as a thing to be continued. In 
discussing the question now being agitated in Eastern 
Pennsylvania and New York in regard to the necessity for 

* See Western Electrician^ Dec. 6, 189a 
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STATISTICS. 5 

remodeling the motive power employed by the Washington 
& Cumberland Canal company, in view of the rapidly 
increasing coal and timber business crowding upon their 
lines of transportation, the American Manufacturer says : 
* The motive power of the old canal — the mule — is not to be 
thought of. Steam offers but few more advantages, because 
it takes up so great a percentage of the carrying capacity 
of the boat, while the locks and the amount of help required 
stand in the way of using tugs. It was finally suggested 
that electricity should be used. The trolley system, by 
which small screw propellors could be run by electricity, 
was looked upon as the best solution of the problem. By 
using electricity the weight of the machinery to be carried 
would be small, and one man could control the motor and 
the steering apparatus without trouble. The plan is under 
serious consideration, and will probably be given a thorough 
test. If it prove successful it may result in the restoration 
of abandoned canals and induce capital to seek an invest- 
ment in new ones between points where heavy freights not 
requiring rapid transit, are shipped extensively.' " 

Another application of electric transmission is that for 
irrigation. W. Forman Collins pointed out some time ago 
how vast areas now barren and worthless can, by this 
means, be made fertile and enormously enhanced in value. 
Mr. Collins refers in this connection to the report of 
Col. W. Tweeadale to the Kansas State Board of Ag- 
riculture. 

It will be only a short time when the old dream of utilizing 
Niagara Falls for electric transmission will be a reality. 

Before the application of electricity these power trans- 
mission schemes were never thought of. Only electricity 
enables man to transmit natural water powers economic- 
ally to the places of application. 



Chapter II. 
General Data on Electric Transmission. 

The three elements of electrical transmission of power 
are: (ist) The generators which are placed at the power 
station and which are driven by the water wheel or steam 
engine or other prime mover; (2d) the copper conduc- 
tors which are placed on poles like telegraph wires, and 
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which conduct the electric current from the generators to 
(3d) the motors, whicR deliver the electrical energy to all 
kinds of machinery. The motors are either belted or 
geared to these machines. 

Electric generators are machines for converting me- 
chanical into electrical energy, while electric motors recon- 
vert electrical into mechanical energy. 

The capacity of generators is therefore given by the 
manufacturers in watts or in electrical horse power while 
the capacity of motors is generally given in mechanical 
horse power. 

Hence, in order to test these machines, it is necessary to 
have electrical instruments (ampere meter and voltmeter) 
to measure the output of the geneiator in electrical horse 
power, while the output of the motor should be measured 
in mechanical horse power by means of a dynamometer.* 

In practice, however, engineers often measure the elec- 
trical horse power delivered at the motor terminals and 
then deduct a certain percentage to get the rating in me- 
chanical horse power. 

Ordinarily electric manufacturers allow for motors up to 
20 horse power, 1,000 watts per mechanical horse power, 
indicating 75 per cent efficiency of the motor; from 20 to 
50 horse power, 900 Watts per mechanical horse power, in- 
dicating 83 per cent, efficiency of the motor; over 50 
horse power, 830 watts per mechanical horse power, indi- 
cating 90 per cent, efficiency of the motor. 

A similar rule will hold good for generators. Up to 20 
horse power the output in electrical horse power will be 
about 75 per cent, of the mechanical horse-power applied 
to the pulley. From 21 to 50 horse power the output in elec- 
trical horse power will be about 83 per cent, of the mechani- 
cal horse power applied to the pulley. Over 50 horse power 
the output in electrical horse power will be about 90 per 
cent, of the mechanical horse power applied to the pulley. 

Seven hundred and forty six watts (one watt = ampere 
X volt) equal one electrical horse power. If we therefore 
deliver, as in the example mentioned, 1000 watts — 1.333 
electrical horse power — to the motor, and the latter has a 
commercial efficiency of 75 per cent., it will deliver 75 per 
cent, of 1.333= one mechanical horse power at its pulley. 

Or, if we deliver one mechanical horse power to the pul- 

*The cradle dynamometer of Prof. Brackett and the floating or 
hydrostatic dynamometer of Prof. Webb are perfectly applicable to 
tests of motors for efficiency. 



Digitized by VjOOQ IC 
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ley of a generator of 90 per cent, efficiency, the electrical 
output will be 90 per cent, of one electrical horse-power, or 
.9 electrical horse power, or ..9X746— 671.4 watts. 

It is only fair to state that machines of the best makes 
will show higher efficiences, but these figures may be 
considered as a conservative est mate. 

In the following there will be assumed both for genet ator 
and motor a commercial efficiency of 90 per cent, or a loss 
of 10 per cent, in conversion. 

This is fair, for the reason that in most cases of long dis- 
tance transmission large units will be used. 

By placing the generator and motor near each other, 
assuming no loss in the connecting wires, we get — 

One hundred per cent, mechanical energy delivered at 

generator pulley 100 

Loss by conversion in dynamo 10 per cent 10 

Loss by reconversion in motor, 10 per cent, of 90. ... 9 

81 

This shows that out of 100 mechanical horse power 
applied to the generator pulley, 81 mechanical horse power 
shou d be recovered at the motor shaft if loss in the con- 
ductors could be avoided. 

This efficiency of a couple of electric machines connected 
as generator and motor with' practically no loss in the con- 
necting conductors is often called the "Couple Efficiency." 

In practice the generator and motor are so far apart that 
there is loss of electrical energy in overcoming the resist- 
ance of the conductors This loss depends upon three 
factors, viz.: Distance between generators and motors, 
electric pressure at generators and size of copper conduc- 
tors. For a given case the first factor, distance, is con- 
stant; pressure and size of conductors are variable and may 
be determined at will; therefore, the loss in the conductors 
may be any percentage desired. 

Jt should be stated that only 'complete metallic cir- 
cuits" will be considered, or, in other words, it will be 
assumed that the generator is connected to the motor by 
means of two conductors. " Earth returns,'* which are 
mainly used in electric railway work, will not be considered. 

If a "couple efficiency" of 81 per cent, and a loss of say 
10 per cent, ki the conductors is assumed, there will be: 
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8 ELECTRIC TRANSMISSION HAND-BOOK. 

Couple efficiency 81.0 

Loss in the wire, 10 per cent, of 81 8.1 

Or the commercial efficiency of the transmission system 
from generator pulley to motor shaft would be 72.9 or 
almost 73 per cent. 

Chapter III. 

Commercial Efficiency of Transmission 
Plants. 

Table I shows the relation of the different factors of 
electrical transmission to each other, assuming an effi- 
ciency of generators and motors of go per cent (or a 
couple efficiency of 81 per cent.) and losses in the con- 
ductors varying from o per cent, to 50 per cent. 

Many questions which come up in electric power trans- 
mission may be answered by simply looking at this table. 

Example i. — 137 horse power is wanted at the motor 
pulley, the commercial efficiency of the electric system to 
be about 68 per cent. What is the loss of electrical energy 
or the "drop" in the wire; what must be, the capacity of 
the generator in electrical horse power, and how many 
mechanical horse power must be delivered at the generator 
pulley? 

Solution. — We select in column 6 the nearest number to 
68, viz., 68.85, and find on the same line in the third col- 
umn 15 per cent., which is the drop in the conductor. We 
find in column 4 the figure 1.3072, which, multiplied by 137, 
gives us the electrical horse power of the generator, and in 
column 5 we find 1.4524, which, multiplied by 137, gives 
the mechanical horse power required to drive the generator. 

Hence electrical horse power of generator = 179.09. 

Mechanical horse power required to drive generator— 
198.98. 

Example 2. — There is a water power available which is 
estimated at the falls at 580 horse power. Our customer 
wishes to transmit at least 70 per cent, of this power. 
What is the power required at the water wheels, what 
capacity of generator, how much drop in the wire, and 
what is the commercial efficiency of the electric system? 

Solution. — If we assume the commercial efficiency of a 
good turbine wheel at 80 per cent, we can deliver at the 
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1.3667 


78.71 


1.00 


1.1111 


10.0 


1.2345 


1.8717 


72.90 


1.00 


1.1111 


12.5 


1A698 


1.4109 


70.88 


1.00 


1.1111 


15.0 


1.3072 


1.4524 


68.85 


1.00 


1.1111 


17.5 


1.3468 


1.4964 


66.83 


1.00 


1.1111 


20.0 \ 


1.3888 


1.5447 


64.80 % 


1.00 


1.1111 


22.5 


1.4336 


1.5929 


62.78 


1.00 


1.1111 


26.0 


1.4815 


1.6461 


60.75 


1.00 


1.1111 


27.5 


1.5325 


1.7028 


68.73 


1.00 


1.1111 


30.0 


1.5873 


1.7636 


66.70 


1.00 


1.1111 


32.5 


1.6464 


1.8293 


54.68 


1.00 


l.llil 


35.0 


1.7094 


1.8993 


62 66 


1.00 


11111 


37.5 


1.7778 


8.9753 


60.63 


1 00 


1.1111 


88.3 


1.8000 


2 0000 


60.00 


1.00 


1.1111 


40.0 


1.8518 


2.0576 


48.60 


1.00 


1.1111 


42.5 


1.9323 


2.1470 


46.58 


1.00 


1.1111 


45.0 


2.0201 


2.2446 


44.56 


1.00 


1.1111 


47.5 


2.1164 


2.3515 


42 53 


1.00 


1.1111 


50.0 


2.2222 


2.4622 


40.60 
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generator pulley 5 80 X. 80— 464 horse power. The pros- 
pective customer wishes, however, to recover at the motors 
70 per cent, of 580 horse power, which is 580 X. 70=406 
horse power; 406 horse power is -*}JJ°- — 87.5 ptr cent, of 
464 horse power; or in other words the electric transmis- 
sion system should have a commercial efficiency of 87. 5 per 
cent., which, of course, is impossible, as the highest effi- 
ciency obtainable — the couple efficiency — is only 81 per 
cent. Still customers will ask impossibilities, and often 
agents of electric companies will promise them. 

Table 1, therefore, will solve not only possible problems, 
but show at once certain impossibilities. 



Chapter IV. 

Inter-relation of Electromotive Force, 

Current, Distance, Cross-Section 

and Weight of Conductor. 

In the foregoing considerations the electrical pressure of 
the motors and the distance between generator and motor 
were not made elements. Depending* upon the electrical 
pressure or electromotive force and the distance are, how- 
ever, for a given number of horse power to be transmitted, 
the current, the cross-section and the weight of the 
conductor. 

The inter-relation between these factors may be best 
expressed in the following rules:* 

Rules for the Inter relation of Electromotive 
Force, Current, Distance, Cross-Section and 
Weight of Copper Conductor. 

With any amount of energy transmitted, the electromo- 
tive force and the curtent will vary inversely. 

With any given work done, loss on the line, electromotive 
force at the terminals of the motor and distribution, the 
weight of the copper will vary as the square of the distance, 
its cross section of course vatying directly as the distance. 

With the same conditions, the weight will vaty inversely 
as the square of the electromotive force used at the motor. 

*The rules printed in italics are taken from Frank J. Sprague's 
papers mentioned in the preface. 
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With the same cross-section of conductor \ the distance over 
which a given amount of power can be transmitted will 
vary as the square of the electromotive force. 

If the weight of the copper is fixed, with any given 
amount of power transmitted and ziven loss in distribution 
the distance over which the power can be transmitted will 
vary directly as the electromotive force. 

These rules will be further explained in the following 
considerations: 

Electric power transmission means transference of etiergy 
which may be measured in units of quantity and pressure. 

One electrical horse power equals 746 watts, one watt 
being the product of one ampere by one volt. 

746 watts (1 electrical horse power) may now be ob 
tained by the product of 1 ampere and 746 volts, or by 746 

746 
amperes and 1 volt, or by X amperes X — volts. 

X 

Hence with any given amount of energy the electromo- 
tive force and the current will vary invetsely. 

In our demonstrations and formulae we shall use the fol- 
lowing symbols, viz. : 

E (or E. M. F.)— Electromotive force at terminals of 
motor in volts. 

V— Number of volts lost in conductor. 

E+V— Electromotive force at terminals of generator in 
volts. 

C— Current in amperes required for N mechanical 
horse power delivered by motor shaft. 

D— Distance in feet (plus 5 per cent, for sag) of current 
transmitted one way. (Distance equals one-half length of 
complete metallic circuit.) 

N— Number of mechanical horse power delivered by 
motor shaft. 

M (or CM or d 2 )— Area of cross-section of wire in cir- 
cular mils. 

Ri— Line resistance in ohms of complete metallic circuit. 

Wt— Weight in pounds of complete metallic circuit. 

a— Commercial efficiency of motor. \ 

b— Commercial efficiency of generator. I Written as a 

/—Commercial efficiency of whole electric ! decimal 



system. 
#— Per cent, of electrical energy lost iri the 



conductor. 



fraction; 
for instance 
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As one electrical horse power equals 746 watts, the current 

for one horse power equals — - 

In order to deliver N mechanical horse power at the 
N 
motor shaft - electrical horse power must be delivered at 
a 

the motor terminals. 

Hence for N mechanical horse power delivered by the 
746XN 

motor O- v (Formula 1 ) 

The resistance of the conductor, however, is twice the 

distance multiplied by the resistance of one mil-foot of 

copper divided by the number of circular mils, or assuming 

the resistance of one mil-foot of commercial copper — 

10 74 ohms* we get the formula: 

2DX 10.74 

R l~ M 

2L4SXD (Formula 2.) 

or Rl — ~ M~~ 

The "drop" in the line, of course, equals resistance of 

r u- v au ♦ v CX21.48XD 
line multiplied by current or V— — 

Transforming this formula we get: 
.. CX21.48XD (Formula 3.) 

M- ^— 

Substituting the value for C= — — , we get 

i6,024XNXD 
M= — p- — -y -; to facilitate calculations we substi- 
tute the approximate value, 16,000, for 16,024, a °d have 
the general formula: 

16000XNXI) (Formula } 

M ExaXV 

which is the important formula for calculating the cross- 
section of the conductor. 

Example. — The motor has 90^ efficiency; the electro- 
motive force of motor — 500 volts. We must deliver 50 
horse power at the motor shaft at a distance of 6,000 feet 
from the generator at io# loss in the conductors. What 
is the size of the conductor ? 



*True ohme. Compare notes on page 93, 
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Solution. — The electromotive force of the generator is 
the efficiency of the circuit .90 divided into the electromo- 
tive force of the motor 500=555.5. or as a round figure 
556 volts; the drop in the line therefore is 556 minus 
500—56 volts. 
Substituting these values in formula 4 
16000XNXD 
M ""EXaxV we * et: 

16000X50X6000 

M=» ; z~~— IQO476, 

500 X 90x56 v ^ / ' 

which is a wire a little larger than 000 B. W. G. (See 
Chapter XIV on gauges.) 

The above formula also proves that with any given work 
done, given loss on the line and electromotive force of motor, 
the number of circular mils of the conductors will vary 
directly as the distance. Hence with given conditions, if 
we double the distance we must also double the cross sec- 
tion, or if we treble the distance we must treble the cross- 
section. 

The weight of a foot of the conductor of course in- 
creases also in direct proportion to its cross-section. If we 
therefore double both cross-section and distance the total 
weight of the conductor will be increased four-fold, or if 
we treble both cross-section and distance, the total weight 
of the conductor will be increased nine fold. 

This shows that with the conditions given, the weight of 
the copper will vary as the square of the distance. 

This may also be proven in the following way: 

We found for the size of wire the formula 

16000XNXD 

M= EXaXV 

If y equals the weight of one mil-foot of copper, then the 

weight per foot of the conductor would be 

iocooXNXDXy . . , . , . . 

_ — - and the total weight for 

ii»XaX V 

2 D, which is the total length of the circuit, would be 

i6oooXNXDXyX2D 

EXaXV 

Substituting the value for y«= 00000302 7 149 

we get: Weight of complete metallic circuit in pounds=~ 

.0968688XNXD 2 . 



EXaXV 
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For easy calculation and to allow for waste in the erec- 
tion of the line, we substitute the approximate value y^ 
for .0968688 and get the general formula: 

NXD* 
Wt== ioXEXaXV (Formulas) 

If we now assume K as the cost of bare copper wire per 

pound in cents will be the cost of copper per pound in 

dollars, hence: 

NXD 2 K 

Cost in $~^EXaiXV X I3o~ 

NxD a XK (Formula 6.) 

^ioooXEXaXV 
Example. — D«=i 5,000 feet. 

N=ioo horse power. 
E=50o volts. 
a=. 90 (go% efficiency). 
V-=8o volts. 
K=20 cents. 
Solution. — Cost of bare copper wire— 
iooX500QX50ooX2o _ yi388 
1000 X 500 X . 90 X 80 
Assuming the same conditions but the efficiency of the 
motor as 8o# instead of 90$ we find the cost of the wire 
$1,562.50, or in other words, we must pay more for cop- 
per in order to deliver the same number of horse power by 
a motor of lower commercial efficiency. 

Formula 6 proves also that the cost of the conductor in- 
creases in direct proportion to the horse power to be deliv 
ered at the motor shaft and to the square of the distance 
and decreases in inverse proportion to the electromotive 
force and the efficiency of the motor, and the number of 
volts lost in the line. 

For least cost of the copper conductor it is therefore neces- 
sary to make the electromotive force and efficiency of the 
motor and the loss in the line as high as possible. 

CXEXa 
If we substitute the value for N= — —7 — - 

746 

746 XN 
derived from formu a 1, yiz, ; C= Vsy — in formulae num- 

bers 5 and 6, we get 

CXD* 
Wt. -" 74 6oxy ed by ((Formula 7.) 
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A CXD'XK ^ f ox 

*- 7 46,oooXV < FormuIa 8 «> 

This shows that the weight and cost of the conductor 
increase in direct proportion to the current. In order to 
get the cost of the ■ conductor very low it is therefore 
necessary to reduce the current strength to a permissible 
minimum. As a definite amount of electrical energy de- 
pends, however, on the product of current and electromo- 
tive force; the electromotive force must be increased in the 
same ratio as the current is reduced, which shows the same 
fact, viz. : For least cost of conductor make the electro- 
motive force of the motor as high as permissible. 

Chapter V. 

Conditions of Plant for Least Operating 
Expenses. 

We have seen in the previous chapters that a certain per- 
centage of electrical energy must be lost in the conductors; 
this loss, of course, involves continuous operating expense, 
as the prime mover (steam, water, etc.) and the electric 
generator must produce an additional amount of energy 
which is lost in the conductors. It is a loss in a commer- 
cial sense only, as this so called "lost" energy reappears as 
heat in the conductor 

This loss can be decreased and power economized by 
using conductors of greater cross section which, of course, 
would involve a greater outlay for copper. On the other 
hand, 10 reduce the first cost, we should employ conductors 
of the least possible cross-section. We can now easily see 
that for any given case the cheapest in the long run will be 
a certain size of conductor for which the interest on its first 
cost plus annual cost of energy wasted in the conductor, be- 
comes a minimum. 

Sir William Thomson's law states that: 

The most economical area of conductor will be that foi 
which the annual interest on capital outlay equals the 
annual cost of energy wasted. 

We might write this in the form of an equation: 

Annual cost of energy wasted — Interest on capital 
outlay for conductor. 

The cost of one electrical horse power hour at the ter- 
minals of the generator including interest and depreciation 
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on the building, motive power and electric generator, multi- 
plied by the number of horse power hours per year wasted 
in the conductor, must be considered "cost of energy." 

The interest on capital outlay for conductor plus allow- 
ance for repairs and depreciation taken for the year gives 
the other side of the equation. 

Both sides of the equation added together give the 
annual cost of transmitting the electrical energy. 

Gisbert Kapp remarks very pertinently in this con- 
nection: 

"It should be remembered that this law in the form here 
given only applies to cases where the capital outlay is 
strictly proportional to the weight of metal contained in the 
conductor In practice this is however, seldom correct. 
If we have an underground cable, the cost of digging the 
trench and filling in again will be the same, whether the 
cross-sectional area of the cable be one-tenth of a square 
inch or one square inch: and other items, such as insulating 
material, are if not quite independent of the area, at least 
dependent in a lesser degree than assumed in the formula. 
In an overhead line we may vary the thickness of the wire 
within fairly wide limits without having to alter the num- 
ber of supoorts, and thus there is here also a certain por- 
tion of the capital .outlay which does not depend on the 
area of the .conductor. 

"Hence %ve should state more correctly that the most eco- 
nomical area of conductor is t/iat for which the annual 
cost of energy wasted is equal to the annual interest on that 
portion of the capital outlay which can be considered tj be 
proportional to the weight of metal used. 

"Prof. George Forbes, in his Cantor lectures on 'The Dis- 
tribution of Electricity,' delivered at the Society of Arts, in 
1885, called that portion of the capital outlay which is pro- 
portional to the weight of metal used, 4 The Cost of La 1 ing 
One Additional Ton of Copper,' and he showed that for a 
given rate of interest inclusive of depreciation, and a given 
cost of copper, the most economical section of the conductor 
is independent of the electromotive force and of the distance \ 
and is proportional to the current. 

' l Having in a given system of electric transmission set- 
tled what current is to be used, we can, by the aid of Sir 
William Thomson's law, proceed to determine the most 
economical size of conductor To do this we must know 
the annual cost of an electrical horse power inclusive of 
interest and depreciation on the building, prime mover and 
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dynamo; we must know what is the cost of laying one ad • 
ditional ton of copper, and we must settle in our mind 
what interest and depreciation shall be charged to the line. 
These points will serve to determine the constants of our 
formulae, and then the calculation can easily be made." 

In order to facilitate these computations, Prof Forbes 
published some tables. Similar tables calculated by Prof. 
H. S. Carhart on the basis of dollars instead of pounds 
sterling will be found on pages 18 and 19. 

These tables have been calculated in such a way that 
when the investigator has decided upon the proper allow • 
ance to be made for cost of laying one additional ton of 
copper under the conditions of his particular plant, the 
percentage of allowance for interest, etc., he can then de- 
termine at once the proper size of conductors to employ. 

Thus in Table II he follows the columns headed with the 
assigned cost of conductors until he reaches the line corre- 
sponding to percentage allowed for interest, etc., and there 
finds a number. With this number he turns to Table III, 
and starting at the left; on the line marked with the num- 
ber expressing the cost of one electrical horse power per 
annum, he follows along to the right till he comes to the 
number nearest the one taken from Table II. The num- 
ber standing at the head of the column in which he finds 
this exact or nearest approximate number is the sectional 
area of the conductor, in square inches or circular mils 
required to carry 100 amperes with maximum economy 
under the conditions assumed. 

Thus, in Table II, suppose we assume $900 as the cost 
of laying one additional ton of copper and 12 as the ra^ of 
interest to be allowed. Then we find the number 216 at 
the designated intersection. Turning to Table III, let 50 
amperes be the current to be transmitted, and $75 the esti- 
mated cost of one horse power per annum; then following 
along this line we come to 219 as the number nearest to 
216. At the head of the column in which 219 is, we find 
.20 square inches or 254,640 circular mils as the sectional 
area of the conductor, required to carry 100 amperes. But 
since the current is 50 and not 100 amperes, the size of the 
conductor should be 

254,640X50 

— — =127,320 circular mils. 

If a larger conductor should be selected the interest on 
the capital invested for copper would become too great, and 
if a smaller conductor should be decided upon the operating 
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expenses (annual cosf of one electrical horse power at gen- 
erator terminals inclusive of interest and depreciation on 
building, motive power and generator) would become too 
great. 

The installation as determined by Thomson's law will 
be the cheapest in the long run. 

We may again quote Kapp : 

"We have calculated the area of our conductor under 
the supposition that the maximum current of 50 amperes 
would be flowing during all the hours per annum that the 
installation is at work. In other words, we have assumed 
that the motor when at work should always give full power. 
This will, in practice, seldom be the case. Whether we 
want the current for propelling railway cars, or producing 
the electric light, or working lathes and other tools gen- 
erally, or giving power for a whole mill, the amount of 
energy required at various times will be different It has 
been shown that energy can be transmitted in either of 
three ways. First, by keeping the current constant and 
varying the electromotive force of the generator in accord- 
ance with the demand for power at the receiving station. 
Secondly, by keeping the electromotive force constant, and 
varying the current in accordance with the demand for 
power. Thirdly, by varying both current and electro- 
motive force. In the first case, where the current is con- 
stant, the above formula for the most economical area of 
conductor is at once applicable whatever may be the differ- 
ence in the energy transmitted at various times of the day 
or year. In the two other cases, however, a correction 
must be applied to the formula in order that account may 
be taken of those hours when a reduced current is passing, 
and when the most economical area of conductor would be 
smaller than that corresponding to the full current and 
maximum energy transmitted. This correction must evi- 
dently be applied in this form : We make our calculation 
not for the full current but foi the reduced current; the 
greater the reduction the greater the number of hours dur- 
ing which a reduced current is passing as compared to 
the number of hours during which the full current is pass- 
ing. At first sight it might seem as if this reduced or mean 
current could be determined by simply dividing the total 
number of ampere hours per annum by the number of hours 
per annum This, however, would not be correct, for the 
reason that the energy wasted varies not with the current 
itself, but with the square of the currents by 
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To facilitate the calculations Prof. Forbes gives a table, 
which we have extended and reproduced in a little different 
form in Table IV. 

Table IV. 

TO FIND MEAN ANNUAL CURRENT.* 



Fraction of time per year 
during which 



h ft 



is pacing through the 
conductor. 








54 



54 














1 



Fraction of time per year 
during which 



S3 

o 



1.U0U 
.944 
.901 
.884 
.875 
.838 
.820 
.810 
.790 
.771 



is passing through the 
conductor. 




H 
54 
H 



54 








5 'a 








H 


54 


U 


l 4 


?4 








l 4 


54 





x 4 


o 









year 




^. 




— a 




5 >H 


Ratio. 


3 




o 




ti the 




^.~ 


.760 


X i 


.744 


54 


729 


\ 


.718 


H. 


.685 


U 


.661 


U 


.650 


54 


.611 


*4 


.586 


54 


.545 



The figures in the columns headed : " % current," " l A 
current," *' ^ current" and "Full current" represent 
fractions of the total annual time during which )£, }4* % 
of the full current and the full current is passing through 
the conductor. 

The figures in the column headed u Ratio" are those 
with which the most economical area for the maximum 
current must be multiplied to obtain the most economical 
area for a varying current. 

We found in the previous example that the conductor 
should have a sectional area of 127,320 circular mils, as 
suming the full current would always be flowing during 
running hours of the installation. 

If we now assume that the plant will be in operation only 
eight hours during every day of the year, and that during 

♦Note — This table was calculated from the formula: 

i/(K) ti + (fc)*t 2 + Wta + t* 

Mean current = current f - , -, , » v. 

M +-t2 + 13 f t* 

where ti, ti, t3, t 4 , represent the number of hours per annum during 
which one-quarter, one-half, three-quarters of the full current and 
the full current is respectively passing through the conductor (See 
Kapp). 
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four hours the full current will be delivered, during two 
hours y 2 of the full current and during the remaining 
two hours only % of the full current, we find in the 
eleventh line of the table the figures % % X, o, J£, .760, 
which correspond with this case. 

The proper size of the conductor will therefore be 
127.320X.760 — 96,76 > circular mils. 

George W. Patterson, A. B., B. S., Instructor in Physics, 
University of Michigan, has suggested an ingenious little 
device for getting the proper mean current to use in the 
application of Sir W. Thomson's law for size of conductors. 

IJIinmtiMT. 
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Fig. i.— Mean Annual Current. 

Divide a large circle represented in Fig. 1 into 24 equal 
arcs, representing the 24 hours of the day, and draw the 
radii. Lay off from the center of the circle on the radii 
distances proportional to the currents at the several hours. 
Then draw a curve through the points thus made on the 
radii. Then find the area of the shaded curve in the figure 
by means of a planimeter. Find the radius of a circle 
having the same area as this shaded curve. It will be the 
mean current required, for each elementary area of the 
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shaded figure is proportional to the square of the corres- 
ponding radius vector. 

If still greater accuracy should be desired, the circle may 
be divided into 48 equal arcs, representing % hours, or in 
96 arcs, representing % hours, etc. 

b. Gisbert Kapp's Latest Formula. 

In his third Cantor Lecture, March 2, 1891, Kapp 
opened his discourse by referring to certain rules laid down 
by Sir William Thomson, and by Professors Ayrton and 
Perry for calculating the best size of conductors, and it was 
shown that neither of these methods was universally ap- 
plicable. Professors Ayrton and Perry's paper, read at the 
Institution of Electrical Engineers, in 1888, started with 
the assumption that the current has a constant value, while 
Sir William Thomson's rule ignores the voltage. The fol- 
lowing table was prepared by the lecturer, and it contains 
all the functions entering into any system of electric 
transmission : 

Most Economical Current for Electric Power 
Transmission. 

d Distance in miles. 

a Section of conductor in square inches. 

e Terminal volts at generator. 

e Terminal volts at motor. 

YWg Brake horse power required to drive generator. 

HP;* Brake horse power obtained from motor. 

c Current in amperes. 

Efficiency of generater 90 per cent. , efficiency of motor 
90 per cent. 

g Cost in £ per electrical horse power output of gen- 
erator. 

m Cost in £ per brake horse power output of motor in- 
cluding regulating j;ear. 

G = .9^ HP£ Cost in £ of generator. 

M — m HP/« Cost in £ of motor and regulating gear. 

t — 18.2 D a Weight in tons of copper in line. 

K Cost in £ per ton of copper, including labor in erection. 

s Cost in £ of supports of line per mile run 

/ Cost in £ of one annual brake horse power absorbed by 
generator 

q Percentage for interest and depreciation on the whole 
plant. 
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Capital outlay, = 

E c , , , I.6KDV 2 A 

g~ 6 +m H? m + »s+ Ec _ S3oHVt ,r A - 

Annual cost per brake horse power delivered— 

Eft Eg 

;==,-=— HP«, the current which would be required if the 
line had no resistance, 

and/3— j I>6<7KD 9_|_ EB ' 

7^# /7*£ most economical current at the given voltage E is 



C= J 



i ■+''-/.! 



y ( ^ i.6^KD a +BE f 
For very long distances the term under the square 
root approaches unity and the most economical current the 
value 2/; from which it follows that under no circum- 
stances will it be economical to lose more than half the total 
power in the line. 

Chapter VI, 

Conditions for Minimum Total Initial Cost 
of Transmission Plant. 

In the previous chapter we investigated the laws gov- 
erning the conditions for a transmission plant which will be 
the cheapest in the long run. In practice, however, it will 
be very often almost impossible to predetermine some of 
the factors which are necessary to employ Sir William 
Thomson's or Kapp's formulae. Take, for instance, a pros- 
pective power transmission plant in our western country. 
Who could even approximately determine the cost of one 
horse power hour number of hours per annum that the 
maximum current, and the number of hours that three- 
fourths, one-half and one-quarter of this amount would be 
required ? 
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* These items will change rapidly in a country which is 
fast growing up ; and while, for instance, the cost of one 
horse power-hour at the generator terminals may be five 
cents to-day, it might be only two cents in a year hence ; 
and again, while the market for renting power may be very 
limited to-day, a rapidly growing mining industry, for 
example, may cause a great demand for power and cus- 
tomers would be willing to pay comparatively higher prices 
for current delivered every hour of the year. Never- 
theless, it is true that no system of transmission will be 
pt of table if the cost of the power at the distant end is not 
less than the price which would have to be paid for its pro- 
duel ion there by water \ steam , or some other agency. Power 
producers investigating the advantages of electric power 
transmission will in most cases be satisfied to calculate the 
conditions for the minimum initial costoi the plant, leaving 
the exact determination of the cost of one horse power- 
hour and the price at which they can profitably rent power 
to future developments. 

To a certain extent, of course, a plant which requires the 
smallest investment of money will be the cheapest to ope- 
rate. As a matter of fact, the same elements which are 
employed in Sir William Thomson's law enter into our 
computations with the exception of the items: Number of 
annual running hours and cost of one horse power-hour at 
generator terminals. The whole question of minimum 
initial cost of plant again hinges on the proper size of the 
conductors-. 

Frank J. Sprague argues as follows: "In considering 
the transmission of power, some very curious and valuable 
facts may be demonstrated by a formula for determining 
the minimum cost of plant, where the amount of power at 
the generating station is practically not limited, and where 
there is no line loss from leakage, the line loss being meas- 
ured simply by th*» fall in potential. 

"The cost of a plant of this character can be divided 
into five parts, that of the motors, the conductors, the line 
erection, the dynamos, and the power plant whether water 
or steam. I will assume that the cost of the dynamos and 
motors is the same per horse power or other unit, no matter 
what the electromotive force used may be. While this is 
not strictly true, for all practical purposes, with large units, 
and speaking from the commercial standpoint, it can be so 
assumed. This being the case, for any given power the 
cost of the motor is a constant, independent of the potential 

3 
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used. With any given motor potential, the greater the loss 
on the line, the less the cost of the conductors, but the 
greater the cost of the generators. On the other hand, the 
less the loss on the line, the greater its cost, but the less the 
cost of the generating plant. It , follows, then, that the 
least cost to the contractor is determined when the variation 
in the cost of the generator is equal to that in the cost of the 
line." 

Sprague develops some very interesting formulae from 
which he deduces the following laws : 

With fixed conditions of cost and efficiency of apparatus, 
the number of volts fall to get the minimum cost of the plant 
is a function of distance alone, and is independent of the 
electromotive force used at the motor. 

With any fixed couple and commercial efficiency, the cost 
of the wire bears a definite and fixed ratio to the cost of the 
generating plant. 

The cost of the wire varies directly with the cost of the 
generating plant. 

If we do not limit ourselves in the electromotive force 
used, the cost per horse power delivered exclusive of line 
erection is , for least cost and for a given commercial efficiency , 
absolutely independent of the distance. 

By the aid of these laws and Sprague's formulae and 
assuming : 

K == Cost in cents of bare copper wire per lb. de- 

liveredat the poles =* 25 

a *— Commercial efficiency of motor — .93 

b = Commercial efficiency of generator =» .90 

G = Cost in dollars of generator set up, per elec- 
tric horse power delivered at its terminals. = 45 

P = Cost in dollars of power (water) set up per 
mechanical horsepower delivered at gen- 
erator pulleys = t = 25 

We have arranged some tables and diagrams which will 
prove extremely useful for ready reference 

We can best explain the use of these tables (V and VI) 
by a few examples: 

Example i. — Distance (including 5% for sag) 7 000 
feet, electromotive force at motor terminals, 500 volts. 
What must be the loss in the wire and electromotive force 
of generator for minimum cost of plant? 

Solution. — We find in Table V the horizontal line 500 
which represents the electromotive force of motor and the 
vertical 7,000 which is the distance; almost at the intersec- 
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tion of these two lines we find the radial line 65^. which is 
the commercial efficiency of the system for minimum cost 
of plant From Table I we find rn column 6 the efficiency 
nearest 65 is 64 8, to which corresponds a loss in the con- 
ductor of 20#. Hence 2o# is the loss in the conductor for 

500 
minimum cost of plant and -«- (.80 being the efficiency of 

the conductor from terminals of generator to terminals of 
motor) — 625 volts which must be the electromotive force 
of the generator. The loss in the wires equals 625 minus 
500 — 125 volts or 20% ol 625. 

By the aid of the formulae 3, 4, 5 and 6, the size, weight 
and cost of conductor can now be easily determined. 

Example 2. — Distance (including 5$ for sag) 50,000 
feet. We want to obtai 1 at least 55 % (efficiency from gen- 
erator pulley to motor shaft). What is the voltage to be 
employed at motor and generator for minimum cost of 
plant ? 

Solution. — We find the intersection of the 50.000 and 
55# lines half way between the horizontal lines 1800 and 
1900. The electromotive force of the motor must there- 
fore be 1850 volts 

By looking at Table I we find that 32.5^ loss in the con- 
ductor corresponds to 55$ efficiency (54.68); hence 

1850 1850 
-_— — -=~^r;= s 274i volts, which is the electromotive 

force of the generator, and 2741 minus 1850 — 891 volts, 
which is the number of volts lost in the conductor, 891 
volts being 32.5^ of 2741. 

Example 3.— We wish to employ a motor of 1000 volts 
and get 6o# efficiency of the electric system. At what dis 
tance can we place our factory from the power for mini- 
mum initial cost of transmission plant ? 

Solution. - Fr ira Table VI we find that the distance 
must be 20,000 feet (including 5^ for sag) as the horizontal 
1000 and the 6o# efficiency lines intersect at the vertical 
20,000 line. 

These few examples we think will suffice to demonstrate 
the application of these tables. 

As with fixed conditions of cost and efficiency of appara- 
tus, the number of volts to get the minimum cost of plant 
is a function of the distance alone, and is independent of 
the electromotive force used at the motor we can calcu- 
late a table somewhat like Table VII. The values for 
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K, a, b, G and P are assumed as on page 26. Table VII 
really is nothing but an abstract of Tables V and VI. 

Table VII. 



Distance 


Volts lost 


distance 


Volts lost 


in feet 


in Conductor, 


in feet 


in Conductor, 


pins 5# 


for minimum 


plus 5% 


for minimum 


sag. 


cost of plant. 


sag. 


cost of plant. 


1000 


17.5 


18000 


315. 


2000 


35. 


20000 


850. 


3000 


52.5 


25000 


437.5 


4000 


70. 


30000 


525. 


6000 


87.5 


35000 


612.5 


6000 


105. 


40000 


700. 


7000 


122.5 


45000 


787.5 


8000 


140. 


50000 


875. 


9000 


157.5 


60000 


1050. 


10000 


175. 


70000 


1225. 


12000 


210. 


80000 


1400. 


14000 


245. 


9U000 


1575. 


16000 


280. 


100000 


1750. 



At the same time it seems somewhat startling that for 
the minimum cost of the installation under given condi- 
tions, as mentioned before, the volts lost in the conductor 
are dependent upon the distance alone. 

It will be noticed that the number of volts lost at 1000 
feet distance is 17.5, and that the other values are mul- 
tiples of 17.5; for instance the number of volts lost for 
10,000 feet is 17.5x10 = 175 volts, etc. 

For practical reasons motors are not made for the volt- 
age which may be theoretically the correct one, but certain 
standard voltages are adopted by the manufacturers. On 
pages 31 32, 33, 34 and 35 we give tables for 220 volt, 500 
volt, 800 volt 1000 volt and 120 > volt motors. These tables 
show at once the useful range of the various standard motors. 

The number of volts lost in the conductor as given in 
Table VII added to the voltage of the motor, give the data 
in the second vertical column. 

For instance in Table VIII for the 220 volt motor for 

1,000 feet, 220 volts+i7.5=237.5. 

2,000 feet, 220 volts 4-3 5- 0=255. 

3,000 feet, 220 volts+52.5==2 7-\5. 

The column "per cent, loss in conductor" and "per 
cent, efficiency of system " are calculated from these data. 

For instance, 17.5 volts=7.4$ of 237.5 volts, and the ' 
efficiency of the system is .81 X.Q26=.75; where .81 stands 
for couple efficiency and .926 for 92. 6# efficiency of the 
conductor, (100 — 7.4.) 
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Table VIII. 
220 VOLT MOTOR. 

DATA FOR MINIMUM COST OF INSTALLATION. 



Distance in feet. 


E. M. F. of gen- 
erator. 


% loss in con- 
ductor. 


% efficiency of 
system. 


1000 
2000 
8000 


287.6 

255. 

272.5 


7.4 
13.8 
19.4 


76.0 
69.8 
65.3 


4000 
5000 
6000 


290. 

807.6 

825. 


24.2 
28.6 
82.3 


61.4 
67.9 

64.8 


7000 
8000 
9000 


342.5 

860. 

877.5 


35.8 
88.9 
41.7 


52.0 
49.5 
47.2 


10000 
12000 
14000 


895. 
480. 
465. 


44.4 

48.9 
52.7 


46.0 
41.4 
38.3 


V16000 
18000 
20000 


500. 
536. 
670. 


56. 

58.8 

61.5 


36.6 
83.3 
31.2 


25000 
80000 
85000 


657.5 

746. 
832.6 


66.6 
70.8 
73.6 


27.1 
23.8 
21.4 


40000 
45000 
60000 


920. 
1007.5 
1095. 


76.2 
78.1 
80. 


19.3 
17.7 
16.2 


60000 ' 

70000 

80000 


1270. 
1446. 
1620. 


82.7 
84.8 
86.4 


14.0 
12.3 
11.0 


90000 
100000 


1795. 
1970. 


87.8 
88.9 


9.9 
9.0 



Croat-section of conductor per mechanical horse power (deliv- 
ered at motor shaft)= 4618.0 ciroular mils. 

Weight of conductor per mechanical horse power and for each 
1,000 feet of di«tance=28.86 lbs. 

Weight of 1,000 feet of conductor per mechanical horse 
power=14.43 lbs. 
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Table IX. 
500 /OLT MOTOR. 

DATA FOR MINIMUM COST OF INSTALLATION. 



Distance in feet. 


E. M. F. of gen- 
erator. 


% loss in con- 
ductor. 


% efficiency of 
pystem. 


1000 
2000 
3000 


517.5 

535. 

652.5 


3.38 
6.54 
9.5 


78.3 
76.7 
73.3 


4000 
5000 
6000 


670. 

687.5 

606. 


12.3 
14.9 
17.4 


71.0 
68.9 
66.9 


7000 
8000 
9000 


622.5 

640. 

667.5 


19.7 
21.9 
24. 


66.0 
63.3 
61.6 


10001 
12000 
14000 


675. 
710. 
746. 


25.9 
29.6 
32.9 


60.0 
67.0 
64.4 


16000 
18000 
20000 


.780. 
815. 
860. 


35.9 
38.6 
41.2 


51.9 
49.7 
47.6 


25000 
80000 
35000 


937.5 
1026. 
1112.5 


46.7 
51.2 
55.1 


43.2 
39.5 
36.4 


40000 
45000 
60000 


1200. 

1287.5 

1376. 


58 3 
61.2 
63.6 


33.8 
31.4 
29.5 


60G00 
70000 
80000 


1550. 
1725. 
1900. 


67.8 
71.0 
73.7 


26.1 
23.5 
21.3 


90000 
100000 


2075. 
2250. 


75.9 
77.8 


19 5 
18.0 



Cro88-aection of conductor per mechanical horse power (deliv- 
ered at motor shaft )=2032.0 circular mils. 

Weight of conductor per mechanical horse power and for each 
1,000 feet of <Mstance=l2.70 lbs. 

Weight of 1,000 feet of conductor per mechanical horse 
power=6.35 lbs. 
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Table X. 
800 VOLT MOTOR. 

DATA FOR MINIMUM COST OF INSTALLATION. 



Distance in feet. 



1000 
2000 
3000 

4000 
6000 
6000 

7000 
8000 
9000 

10000 
12000 
14000 

16000 
18000 
20000 

25000 
30000 
35000 

40000 
45000 
50000 

60000 
70000 
80000 

90000 
100000 



E. M.F. of gen- 
erator. 


% loss in con- 
ductor. 


% efficiency of 
system. 


817.5 

sua. 

852.5 


2.2 
4.2 
6.1 


79.2 
77.6 
76.0 


870. 

887.6 

905. 


8.1 
9.9 
11.6 


74 4 
73.0 
M.6 


• 922.5 
940. 
957.5 


13.3 
14.9 
16.5 


70.2 
68.9 
6'<.6 


975. 
1010. 
1045. 


18.0 
20.8 
23.4 


66.4 
64.1 
62.0 


1080. 
1115. 
1150. 


25.9 
28.3 
80.5 


60.0 
58.1 
56.3 


1237.5 

1325. 

1412.5 


35.4 
39.6 
43.4 


62.3 
48.9 

45.8 


1600. 

1587.5 

1676. 


46.6 
49.6 
52.1 


43.2 

40.8 
38.8 


1850. 
2025. 
2200. 


56.8 
60.5 
63.6 


35.0 
32.0 
29.5 


2375. 
2550. 


66.4 
68.6 


27.2 
25.4 



Cross-section of conductor per mechanical horse power (deliv- 
ered at motor shaft) =1270.0 circular mils. 

Weight of conductor per mechanical horse power and for each 
1,000 feet of nistance =7.937 lbs. 

Weight of 1,000 feet of couJuctor per mechanical horse 
power=3 968 lbs. 
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Table XI. 
iooo VOLT MOTOR. 

DATA FOR MINIMUM COST OF INSTALLATION. 



Distance in feet 


E. M. F. of gen- 
erator. 


% loss in con- 
ductor. 


% efficiency of 
system. 


1000 
20D0 
3000 


1017.5 

1035. 

1052.5 


1.72 
3.38 
4.99 


79.6 
78 3 
77.0 


4000 
6000 
6000 


1070. 

1087.5 

1103. 


6.54 

8.1 

9.5 


75.7 
74.4 
73.3 


7000 
8000 
9000 


1122.5 

1140. 

1157.6 


10.9 - 

12.3 

13.6 


72.2 
71.0 
70.0 


10000 
12000 
14000 


1175 
1210. 
1245. 


14.9 
17.4 
19.7 


68.9 
66.9 
65.0 


16000 
18000 
20000 


1280. 
1315. 
1350. 


21.9 
24.0 
25.9 


63.3 
61.6 
60.0 


25000 
30000 
35000 


1437.6 

1525. 

1612.5 


30 4 
34.4 
38.0 


56.4 
63.1 
50.2 


40000 
45000 
50000 


1700. 

1787.5 

1876. 


41.2 
44 1 

46.7 


47.6 
45.3 
43.2 


60000 
70000 
8000) 


2050. 
2225. 
2400. 


51.2 
65.1 
58.3 


39.5 
36.4 
33.8 


90000 
100000 


2575. 
2760. 


61.2 
63.6 


31.4 
29.5 



Cross-section of conductor per mechanical horse power (deliv- 
ered at motor shaft)=lul6.0 circular mils. 

Weight of conductor per mechanical horse power and for each 
1,000 feet of distance=6.$49 lbs. 

Weight of 1,000 feet of conductor per mechanical horse 
power=3.175 lbs. 
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Table XII. 
1200 VOLT MOTOR. 

DATA FOR MINIMUM COST OF INSTALLATION. 



Distance in feet. 



1000 
2000 
3000 

4000 
5000 
6000 

7000 
8000 
9000 

10030 

12000 
14000 

16000 
18000 
20000 

26000 
30000 
86000 

40000 
46000 
60000 

60000 
70000 
80000 

90000 
100000 



E. M. F. of gen- 
erator. 



1217.6 

1236. 

1262.6 

1270. 

1287.6 

1306. 

1322.6 

1340. 

1357.6 

1375. 
1410. 
1446. 

1480. 
1515. 
1550. 

1637.5 

1725. 

1812. 

1900. 

1987.5 

2075. 

2250. 
2425. 
2600. 

2775. 
2950. 



% loss in con- 
ductor. 


% efficiency of 
system. 


1.5 

2 8 
4.2 


79.8 
78.7 
77.6 


6.5 
6.9 
8.1 


76.5 

75.4 
74.4 


9.2 
10 5 
11.6 


73.5 
72.5 
71.6 


12.6 
14.9 
17.0 


70.7 
68.9 
67.2 


18.9 
20.8 
22.6 


65.7 
64.1 
62.7 


26.6 
30.5 
33.8 


59.4 
66.3 
53.6 


36.9 
39.7 
42.2 


51.1 

48.8 
46.8 


46.6 
50 6 
53.8 


43.2 
40.0 
37.4 


56 8 
59.3 


34.6 
32 9 



Cross-section of conductor per mechanical horse power (deliv- 
ered at motor shaft)=846.6 circular mils. 

Weight of conductor per mechanical horse power and for each 
1,000 feet of distance=5.291 lbs. 

Weight of 1 000 feet of conductor per mechanical horse 
power— 2.646 lbs. 
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The tables will now be readily understood, and only an 
explanation of the foot notes which will be found under 
each table is needed. 
If we take formula 4: 

M __ i6oooXNXD 
EXaXV 
we find that all factors are known. 

— the relation of distance to volts drop for minimum 
cost of plant is a constant, viz: 

— ~ as V increases in direct ratio to D. 

V 17.5 

Again assuming "a" as .90, we get: 

j^_ i6oooXNXiooo _ 1 ,016,000 XN . (Formula 9.) 

EX .90X17.5 E 

If we therefore divide the voltage of motor into 1,016,000 
we get the number of circular mils for one horse power de 
livered at the motor shaft for minimum cost of installation. 

If, for instance, 100 horse power is to be delivered by a 
220 volt motor, 

M=46i 8X100 =-46 1,800. 

We also see that the cross-section of the wire for mini- 
mum cost of plant is the same for all distances, and de- 
pends only on the electromotive force of the motor and 
number of horse power to be delivered at the motor shaft. 

We might, of course, state that the cross-section of the 
wire depends upon the current in ampe es instead of the 
electromotive force, but, as already explained, this is the 
same fact expressed in a different form. 

In comparing Tables IX and XI (500 and 1000 volt 
motors) we see also that with double the electromotive force 
or half the current, we require only h': If the cross-section of 
wire, and that we can deliver current tzvice the distance at 
the same percentage of loss in the wire. 

In the 500 volt table, for instance, we find at the dis- 
tance of 10,000 feet 25.9 per cent as the loss in the con- 
ductor and in the 1000 volt table we find at a distance of 
20,000 feet 25.9 per cent as the loss in the conductor. 

If we now consider formula 5, 

Weight in lbs. = NXE>2 

loXEXaXV 

. , D 1000 . . 

we can again consider— = as a constant, 

V 17.5 
and assuming a =.90 we get 
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Wt _ IXIOOOXN XD 
10X. 90X17. 5XE 
Wt _ 6.3492XDXN 

E (Formula 10.) 

If we now assume D=iooo and N— 1 
we get: 

Wt. in lbs.- 6349 ' 2 
E 
which is the weight of the conductor per horse power (at 
motor shaft) for each 1000 feet of distance for minimum 
cost of plant. 

Example: We have to transmit 100 horse power 5000 
feet, and use a 220 volt motor. 

Solution: Table VIII gives weight of conductor per 
horse power per 1000 feet distance— 28 . S6 pounds. Hence 
weight of conductor— 28. 86XiooX5* r »»i4, 430 pounds. 

It will be noticed that the weight first given under each 
table is for each 1,000 feet of distance, including outgoing 
and return wires. 

The weight per 1,000 feet of conductor per horse power 
of course is one-half of that for 1000 feet distance. 

The data relate to the weight of bare copper wire. 

Quite a number of other interesting data may be de- 
duced from the foregoing tables. 

If we compare the 500 volt, 800 volt and 1000 volt 
tables (IX, X, XI) we find, for instance, the weight of con- 
ductor per horse po*er for: 
500 volt, 10,000 ft. dist. 25.9$ drop— 10 X 12. 7—127 lbs. 
800 " 16,000 <4 ** 25. 9# " — i6X7.937«=-«27 u 
1000 " 20,000 *' " 25.9$ " —20X6.349—127*' 

In other words, we see that for minimum cost of plant 
the total iveight of the conductor per horse power delivered 
by the motor shaft remains the same at a certain percentage 
of loss in the conductor regardless of the voltage of motor 
and the distance. 

As a certain efficiency of the electric system corresponds 
to a certain drop in the conductor (see table I) the total 
weight of the conductor will also be the same at a certain 
efficiency of the electric system, regardless of voltage and 
distance. 

This law really follows from some of the foregoing 
considerations, viz., with double the electromotive force 
we require only half the cross- section- of wire and we 
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can reach twice the distance at the same percentage of 
loss in the wire. 

If the weight of the wire at 220 volts and 3000 feet dis- 
tance, for instance, is 86 pounds, at 440 volts and 6000 feet 
distance, wire of half the cross section will weigh, of 

course, — — =86 pounds as before. 
2 

These considerations allow us to construct a table some- 
what like table XIII. 

After determining the best commercial efficiency of the 
electric transmission system for least cost of plant from 
Tables V or VI we can readily answer the question as to 
the weight or cost of the copper conductor. 

If, for instance, we decided on a commercial efficiency of 
60 per cent, we find by looking at Table XIII the intersec- 
tion of the curve and the vertical 60 per cent, line, a little 
above the horizontal 125 pounds line. The weight of cop- 
per conductor per horse power (delivered at motor shaft), 
therefore is about 127 pounds, and the cost (at 25 cents a 
pound delivered at the poles) about $32. 

The commercial efficiency of the electric transmission 
system considering Table I, is evidently: 
/—aXbXx 

What is the commercial efficiency of the whole system: 
a is commercial efficiency of motor, 
b " " ** " generator, 

and x " " " " conductor. 

The efficiency of the conductor, of course, equals 1 minus 
the percentage of loss (written as a decimal fraction.) 

Assuming a=.go and b=.go we get: 

/=.8iX(i-#)=.8i-.8iX# 
where % stands for per cent, loss in the conductor (written 
as decimal fraction). Hence: 

or in words, the per cent lost in the conductor equals the 
couple-efficiency minus the commercial efficiency of the 
system divided by the couple-efficiency. 

This shows that assuming a certain couple-efficiency, the 
per cent, lost in the conductor is a function of the commer- 
cial efficiency of the system only. 

We can further deduce from Table I that 

/--A-XaXb 
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or in words, the commercial efficiency of the system equals 
the electromotive force of the motor divided by the electro- 
motive force of the generator multiplied by the couple- 
efficiency. 

Assuming again aXb=«.8i 

weget:/=. E ^ v -X.Si 

From this formula we deduce: 

E= /xv 

(.81-/) 
If we now insert this value into formula 10, viz: 
Wt.= 6>34Q2XNXD 

wt.— 6.3492XNX Li-^-ii. 

If we now insert the value for -= 

V 17.5 
into this formula we get: 

Wt B 6 - 3492 X 1000 X ( 8 i-/)XN 
17. 5X/ 

Wt. in lbs.«362.8iX^- I --- ) -XN. (Formula n). 

If we now substitute the value: 
/=.SiX(i— ft 
in formula 11 we get: 

Wt. in lbs. =362. 81 X— ? XN. (Formula 12). 
\—% 
This formula shows conclusively that for minimum cost 
of plant the weight of the conductor depends only on the 
percentage of loss in the conductor, and the number of 
mechanical horse power delivered by the motor. 

Capacity and Cost of Generators for Minimum Cost of Plant. 

We demonstrated in a previous chapter that if we want 

N 
to deliver N mechanical horse power at the motor shaft, -— 

electrical horse power must be delivered to the motor termi- 
nals, where "a" is the commercial efficiency of the motor. 

N 
The generator, of course, must generate — electrical 

horse power plus horse power lost jn the conductor, 
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The efficiency of the conductor, however, equals i— % 
{% written as a decimal fraction ; hence 

N 
Capacity of generator— — — electrical horse power. 

aX(i %) 
(Formula 13.) 

Example: Assuming a=.90, N— 1, and loss in the con- 
ductor= . 1 o ( 1 o#) we get : 

Capacity of generator*— — — -=— 1 2345 electrical 

horse power. 

As a matter of fact column 4 of Table I gives at once 
these ratios for various percentages of loss in the conductors 

We may again substitute "/"(commercial efficiency of 
electric system) in lieu of "#" (loss in the conductor). 

It is evident that the number of mechanical horse power 

required to drive the generator equals the number of 

mechanical horse power delivered at the motor shaft divided 

N 
by the efficiency of the system or j. We want to know, 

however, the capacity of the generator in electrical . horse 
power, and must therefore multiply this value with the effi- 
ciency of the generator. Hence: 

NXb , . , , 
Capacity of generator—* — - — electrical horse power, 

(Formula 14.) 
where / stands again for commercial efficiency of the sys- 
tem and b for the commercial efficiency of the generator. 

Example: If we assume b=.p;0, /-= 729 and N=i we 

get : Capacity of generator*— — — 1 . 2345 electrical horse 

power as before ; this value coincides again with the data in 
Table I. 

If we now assume the cost in dollars of generator per 
electrical horse power, delivered at generator terminals, as 
4 G" (which includes cost of freight, haulage, foundation, 
electrical station instruments and labor in construction) we 
get from formula 14: 

MS^.P.kliJ J^<* (F-™-. .5-) 

ered by the motor shaft ) ^ 

Assuming G=$45 and b=.go we get for minimum cost 
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Cost of generator in $=- — — 

We can now easily understand Table XIV, which was 
calculated on the basis of this formula 

We can also easily determine the approximate minimum 
cost of an electric power transmission plant. 

Example: We have decided on a motor of, say, 600 
volts; the distance is 14,000 feet; 100 horse power is to be 
delivered by the motor. 

Solution: We find from Table VI the best efficiency of 
the system to be .575 (57. 5#). Table XIII tells us at 
once: Cost of copper per horse power=— $37.60, and Tabie 
XI V: Cost of generator, per horse power, $70.50. 

If we now assume the cost of the motor at $50.00 per 
mechanical horse power, delivered (including freight, elec- 
trical instruments, and construction), we get cost per horse 
power=»$37.co+$7o.50-|-$50.oo=$i57.5o; or for 100 horse 
power=$i 5 750 00, as cost of electrical installation, includ- 
ing dynamos, motors and copper wire. To this, we must 
add the cost of power plant, and cost of poles and line 
construction, which can be easily determined according to 
local conditions. 

In determining the cost of power plant (steam or water) 
per mechanical horse power delivered by the motor, it must 
not be forgotten to determine the number of mechanical 
horse power to be delivered at the generator pulley. 

This power, of course, equals mechanical horse power 
delivered by motor, divided by the efficiency of the electric 
system. 

In the present case: Mechanical horse power to be de- 
livered at generator pulley= ="173-9 horse power, or 

in round figures 174 horse power. 

We can verify this by consulting Table I. We find in 
the sixth column: 58.7$ and 56.7$; corresponding to these 
efficiencies we find in the fifth column: 1.70 and 1.76 
mechanical horse power, to be delivered at the generator 
pulley. 

The mechanical horse power at generator pulley corres- 
ponding to 57. $% efficiency, is therefore, about 1 .74, or for 
100 mechanical horse power delivered by motor, 174 me- 
chanical horse power, is required at the generator pulley. 

If we call P the cost in dollars of (steam or water) power 
plant, delivered at generator pulleys, then: 
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Cost in dollars of power plant (per ) pvM 

mechanical horse power delivered by > = 

motor) ) I 

Assuming, for instance, P=-f 25.00 (water power) we get 
in this example: 

PX100 

Cost of power plant= - | r- =a =$4, 350.00 which shows 

that the cost of the power plant for one mechanical horse 
power at the motor shaft is $43 5°« 

If we further assume the cost of po'es and line erection 
at, say, $60.00 per 1000 feet distance, we get as cost of line 
construction 60 X 14— $840.00. 

The total cost of plant would therefore be: 

Cost of bare copper conductor, - - $3700.00 
44 4< generators, ----- 7050.00 

44 " motors, - - ' - - - 5000.00 
44 44 power plant (water). - - - 4350.00 
44 44 poles and construction of pole line, 840.00 



Total, - - - $20,940.00 

T^his is the minimum cost of a transmission plant to de- 
liver 100 mechanical horse power at the shaft of a 600 volt 
motor, at a distance of 14,000 feet. 

This one example, we think, will suffice to enable our 
readers to determine the approximate minimum cost of any 
electric transmission plant, with the aid of the preceding 
tables. 

It might also be very convenient to construct a table 
somewhat like Table XV, which will give the reader a re- 
capitulation of the formulae, for the minimum initial cost 
of plant. 

We may express the principles governing the minimum 
cost of a transmission plant, in the following rule: 

For minimum initial cost of plant, and assuming certain 
prices per horse power of motors, generators and power plant 
(all erected and ready for operation) and assuming a certain 
pt ice per pound of copper, (deliveted at the poles), the total 
cost of the plant, excluding line construction, is a constant 
for a certain efficiency of the electric system, no matter 
what the electromotive force of the motor and the distance 
may be. 

At a given efficiency of the electric system the electro- 
motive force of the motor and distance will increase and de- 
crease in the same ratio. 
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Table XIII. 

WEIGHT OF BARE COPPER CONDUCTOR PER 

MECH. H.P. DELIVERED BY MOTOR SHAFT 

FOR MINIMUM COST OF PLANT. 




II J4J 41 



*u |3 70 £ti 

Commercial efficiency of electric system in per cent. 
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Table XIV. 

COST IN DOLLARS OF GENERATOR PER MECH. 
H. P. DELIVERED BY MOTOR SHAFT. 




8ft js yo 6$ 6o Sf jo *J fO 

Commercial efficiency of electric system in per cent. 
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We see, for instance, in Table XV, that the cost of plant 
per horse power delivtred by motor at iooo volts and 25,- 
000 feet distance and at an efficiency of 56.4^ is $205.82. 

We find that the cost is the same at 4000 volts, 100,000 
feet distance, and the same efficiency of 56.4^. 

While the cost and efficiency in both cases are the same, 
with an electromotive force four times greater we can reach 
four times the distance. 



Chapter VII. 

Alternating Current Transmission 
System. 

So far we have considered only electric power transmis- 
sion by means of continuous currents. 

Of course, it is also possible to employ the ordinary 
alternating transformer system as used for the distribution 
of incandescent light, for the transmission of power. 

The high tension alternating current may be carried from 
the power station to points of distribution and there con- 
verted by means of transformers to a lower potential. 

The use of the alternating current, however, would 
necessitate the introduction of alternating motors, which 
are not yet extensively used in practice on account of their 
imperfection. The London Electrical Review remarked in 
an editorial referring to Kapp's Cantor Lectures : 

" For several years past, from the days of Prof. Fer- 
rari's investigations, which were followed by those of Tesla, 
Zipernowsky, and a host of imitators, we have periodically 
heard of the question of alternating current motors being 
solved More than once have we questioned the solution 
of this difficult problem and certain enthusiastic inventors 
had the free use of our pages for the ventilation of their pet 
theories, yet we are not aware of the existence of any com- 
mercially successful motor, one which gives a good effi- 
ciency with a reasonable speed at variable loads, and which 
is entirely self-starting. If those gentlemen, who then 
contradicted our assertions, can now show us any radical 
improvements, we shall be glad to record them. Nfr. Kapp 
spoke of several types of small alternating current motors 
with two and three wires, but he has not pointed out any 
successful applications." 
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In view of these remarks we may give a description of 
Brown's experiments. He undoubtedly succeeded in trans- 
mitting electrical energy by alternating currents of from 
30,000 to 40,000 volts, but the question arises what can he 
do with this energy at the point of distribution ? He can 
use it only for incandescent lighting on a large scale, and 
for power purposes on a very small scale. 

As long as alternating motors cahnot be made self- 
starting and automatic in regulation, of high commercial 
efficiency, and be built in as large units as continuous cur- 
rent motors, Mr. Brown's experiments in long distance 
power transmission will remain simply " experiments." 

Fig. 2 is a diagram representing the experimental plant in 
in which a is an alternating current dynamo with a differ- 
ence of potential of 130 volts, b is a fuse block for the pro- 
tection of the dynamo, c is a double pole switch with fuse 
attachments, d and e represent respectively an ammeter 
and a voltmeter, f is a main converter, receiving in its 
primary coil the entire current from the dynamo. The 
winding of the secondary coil of this converter is 300 
times that of the primary, producing, with due allowance 
for loss of energy in transforming, a current of over 30,000 
volts. The measurement of the electromotive force of this 
current is made by a Thomson electrostatic voltmeter g. 
The current from the converter is carried overhead on a 
pole line. The conductors run out and back again on the 
same poles, a distance of i x /z miles, making the total length 
of the line five miles. The wires terminate in another con- 
verter i, by which the electromotive force is again re- 
duced. The current in the tertiary wire can be brought 
down as low as 50 volts and is measured by the ammeter 
and voltmeter k and /; o,, o 2 , o 3 , are three banks of lamps 
of 50, 65 and 100 volts, controlled by switches «,, n^ ff 3 . 

To determine the influence of high tension current on 
telephone service, a double telephone line was extended 
between the outgoing and the incoming wires on the same 
cross arms. 

Mr. Brown obtains the high insulation on line and in trans- 
formers by the application of oil, which is known to be one 
of the best non-conductors of electricity. It has the prop- 
erty of filling all pores of insulating materials, such as 
cotton, linen, paper, etc., and excluding air and moisture. 
Oil is therefore capable of insulating against the influence 
of the atmosphere. 

A well known experiment best demonstrates this fact. 
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Fig. 2.— Alternating Transmission. $Q$$gI<: 
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We twist the ends of two cotton braided wires together, 
and put them in a glass filled with thick resinous oil (see 
Fiff- 3). which then is heated for a few hours in order to 
expel all air and water out of the cotton and the oil. Over 
the wires are slipped two glass tubes which extend above 
the surface of the oil. We may now pour a layer of water 
on the oil. If we then connect the upper ends of the wire 
to the poles of a Rhumkorff induction coil or a frictional 




Fig. 3. — Oil as an Insulator. 

(influence) machine, we can obtain sparks between these 
wires a few inches in length without puncturing the cotton 
insulation submerged in the oil. 

This is without doubt proof of the highly insulating 
properties of certain oils. 

The first application of oil for this purpose was made 
probably by Brooks in his underground conduits. He 
drew common cotton insulated wires through pipes and 
then filled these with oil. 

Mr. Brown of Oerlikon proposed the application of oil 
as insulating material for transformers for very high poten- 
tials.* In his experiments the whole transformer was put 

* Prof. Elihu Thomson secured a U. S. patent on the same pro- 
cess. His patent application was filed May 9, 1887. {Western 
Electrician^ April 18, 1891.) 
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in a cast iron box, which was then filled with oil. This 
was kept heated for hours to a temperature of 150 degrees 
centigrade. Brown claims that through this process he 
obtains the following advantages : 

The oil fills and penetrates all pores and fissures of the 
apparatus, entirely displacing air and moisture and covering 
the whole transformer. The possibility of puncturing the 
insulation is, of course, greatly diminished, and the trans- 
former protected against influences from exterior sources, 
such as atmosphere, dust, etc. 

The apparatus exposes nothing but a surface of oil. and 
the fact that the oil remains a compact mass, makes it v ry 
much more fit for this purpose, than for instance, paraffi e n, 
which will crack and absorb moisture through the fissures. 

Of course, it is necessary in the first place to construct 
and insulate the transformer in the very best manner pos- 
sible, and not depend upon the oil insulation solely. 



Chapter VIII. 
Line Construction. 

For potentials say not over 500 volts, the line, whether 
overhead or underground, must be constructed in the same 
manner as for the distribution of electric current from cen 
tral lighting stations. 

tor long distance transmission of electrical energy with 
high potentials the overhead system is undoubtedly the 
most practical and economical. 

Sir W. Thomson recently pointed out that there can be 
not the slightest objection raised to the adoption of bare 
wire carrying high potentials outside of densely populated 
districts. 

Overhead lines can be constructed in such a manner with 
bare wires carrying very high voltages that practically per- 
fect insulation may be obtained. 

The points of support, of course, must be highly insu- 
lated in order to prevent leakage. 

The glass or porcelain insulators which are now in com- 
mon use are very good insulators only when they are 
perfectly clean and when the atmosphere is dry. In moist 
atmosphere, the insulator will be covered with a film of 
moisture outside and inside, and the current will pass 
through the film to earth and cause what is called ** surface 
leakage." 
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This consideration led Johnson & Phillips of London, to 
construct their fluid insulators. These insulators are made 
of glass, porcelain or brownware, and are provided on the 
inside with a trough containing oil. (See Fig. 4.) 

The oil used for this purpose is thin and of a low specific 
gravity in order to allow the water to sink to the bottom of 
the receptacle. 

If any condensation of moisture takes place now, it does 
not form a film over the whole surface of the oil, but it 
forms little drops of moisture which have no connection 
with each other, and which will sink to the bottom of the 
trough just as soon as they have grown to a certain size. 




Fig. 4. — Oil Insulator. 

We must not imagine that oil will be displaced by the 
water in a very short time, because the amount of moisture 
which is condensed under the bell of an insulator is very 
little during a year, and it will be at least two or three 
years before the insulators will need refilling with oil. 

The insulating properties of these fluid insulators are 
extremely high. 

Prof. H. F. Weber of Zurich made some experiments in 
1887 on the conductors put up for the power transmission 
plant, Kriegstetten-Solothurn ; the conductors had a total 
length of 24 kilometers and were fastened to fluid insulators. 
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Prof. Weber could not detect the least leakage, even with 
a current of 2,000 volts passing through the wire. The 
insulation of the line was practically perfect. 

For the conveyance of currents of say 20,000 or 30,000 
volts however, even these insulators would not be quite 






Figs. 5, 6 and 7. — Oil Insulators for High Potentials 

sufficient. Combinations, however, as shown in Figs. 5 
to 7, would increase the insulation resistance to any desired 
degree. 

These insulators could be easily protected against mali- 
cious throwing of stones or other destruction, by providing 
each with a bell shaped iron cover. 

The objection might be made that such insulators would 
need constant attention, as they must be cleaned and refilled 




Fig. 8. — Syphon for Filling Oil Insulators. 

with oil at certain intervals. This, however, does not seem 
a great disadvantage, for the reason that the fastening of 
wires carrying such high potentials should be inspected 
from time to time. 
At any rate, these considerations will show that one of 
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the objections made to transmission of high potential cur- 
rents, viz., the enormous leakage, does not hold good, &% 
even with the highest potentials good line construction will 
prevent practically any leakage. 

Fig. 8 shows a siphon (or filling oil insulators. 

Lightning arresters must be applied, not only to each 
end of the line, but at certain distances between the power 
and motor station. These lightning arresters must be 
automatic so that they will rupture an arc in case it should 
be set up. Such an automatic lightning arrester can, for 
instance, be constructed by having the lightning pass over 
two carbon plates a small distance apart, and are auto 
matically separated from each other by the dynamo current 
rupturing the arc ; then, of course, the plates should auto- 
matically return to their former position. 

There are, however, other lightning arresters constructed 
on different principles, which automatically prevent the 
formation of an arc. (Prof. E. Thomson, Wirt, Westing- 
house, etc.) 

HAPTER IX. 

Classification of Motors. 

We have already mentioned that there are three principal 
systems of motor service, viz. : The constant current, the 
constant potential (pressure) systems, and a system in which 
both current and pressure vary. 

Motors may be classified as 

1. Series motors in which the field coils are connected 
in series with the armature. (See Fig. 9.) 

2. Shunt motors in which the field coils are connected 
in shunt or parallel with the armature. (See Fig. 10.) 

Compound-wound motors which have both the shunt and 
the series winding. 

This latter class may be again subdivided into : 

3. Differential motors in which the series coil magne- 
tizes the field magnets in opposite polarity to the shunt 
coil. (See Fig. 11.) 

4. Cumulative motors in which the series coil mag- 
netizes the field magnets in the same polarity as the shunt 
coil. (See Fig. 12.) 

Generators are electric machines in which mechanical 
energy is converted into electrical energy, and motors are 
electric machines in which electrical energy is re-converted 
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into mechanical energy. As a matter of fact any dynamo 
wound and connected for working as a generator of direct 
currents may be used as a motor. 

I. A Series Dynamo running right-handedly will, when 



L&D 



Fig. 9. — Series Motor 



supplied with a current from another source, run left- 
handedly against the brushes. 

To adjust a series dynamo for motor service requires the 
reversing of the connections of the armature or the field 
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Fig. 10. — Shunt Motor. 

coils, or the brushes may be reversed and given a lead in 
the opposite direction of rotation. 

2. A Shunt Dynamo, when operated as a motor, will 
run in the same direction as when operated as a generator. 
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If the current passes through the armature in the same 
direction as before, it flows in the opposite direction through 
the field, and vice versa. 

3. A Compound- Wound Dynamo will run as a motor 




Fig. 11. — Differential Motor. 

11 with the brushes" if the shunt coil is more powerful than 
the series coil and " against the brushes," if the series coil 
is more powerful than the shunt. If the generator is so 
connected that the series coil is cumulative, i. e., mag- 




Fig. 12.— Cumulative Motor. 

netizes the field magnets with the same polarity as the 
shunt coil, it will act the same as a Differential A/olor as 
the series coil will now magnetize the field magnets in the 
opposite direction. 
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If it is desired to run the compound generator as a cumu- 
lative motor, the connections of the series coil must be 
reversed. 

All these facts will be easily understood by studying the 
diagrams of series, shunt and compound dynamos, which 
will be found in almost any elementary handbook on elec- 
tri lighting.* 

Ot course, any of the four different motors may be used 
on any of the three different systems of motor service, 
which would allow of twelve principal combinations. We 
shall consider, however, only those combinations which are 
in general practical operation. 

a. The Series Motor on the Constant Current (Arc 
Light) System. 

The large number of arc light circuits which are operated 
on a constant current system naturally caused a demand for 




Fig. 13. — Automatic Arc Circuit Motor. 

motors which could be placed in the circuit like arc lamps. 

There are, however, numerous drawbacks. A series 
motor placed on an arc circuit can deliver power in small 
units only. 

The number of amperes of such a circuit is constant and 
small, and consequently the electromotive force at the termi- 
nals of the motor increases with the number of horse power. 

Let us consider a 10 ampere circuit and a motor requiring 
20 electrical horse power. 

One electrical horse power requires ^1=74.6 volts as 

10 

there are 746 volt-amperes (watts) to one electrical horse 

power. Hence 20 electrical horse power will require 74. 6 X 

20 =s 1,492 volts pressure at the terminals of the motor. 

♦See " Dymmo Tenders' Hand-book." Digi 
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Such a voltage, however, must be considered very high 
in a comparatively small motor running in a manufacturing 
establishment. If 20 electrical horse power require 1,500 
volts, of course, 40 electrical horse power would require a 
generator of over 3,000 volts electromotive force, which we 
may consider as the limit. We see, therefore, that arc light 
circuits are adapted to run motors only on a small scale and 
in smaller units. To still better illustrate this fact we 
reproduce here data taken from the catalogue of a prominent 
company. 

SELF-REGULATING MOTORS FOR ^RC 

LIGHT OR OTHER CONSTANT 

CURRENT CIRCUITS. 



Horse 
Power. 


Consumption in Volts with Current 
Strength of 


Weight in 
pounds. 


Revolu- 
tions per 


7 Amperes. 


10 Amperes. 


20 Amperes. 


minute. 


% 


60- volts. 


43 volts. 


22 volts. 


107 


2500 


1 


120 " 


85 " 


43 " 


157 


2100 


2 


240 " 


170 •• 


85 " 


305 


2000 


3 


350 " 


244 " 


122 " 


330 


1900 


6 


610 " 


425 " 


213 " 


600 


1800 


7'/. 


900 " 


625 " 


313 " 


750 


1700 


10 


1210 %t 


850 " 


425 " 


1008 


1600 


15 


1815 " 


1275 " ' 


638 " 


1500 


1500 



Another disadvantage of the series motor on a constant 
current system is the fact that the motor needs special ap- 
paratus for the regulation of its speed. 

Without such a regulator the motor will be liable to 
11 race " and " run away" when the load is decreased. 

Automatic regulation may be effected in many ways. 
The two principal modes are the automatic shifting of the 
brushes and the cutting in or cutting out of parts of the 
series coils of the field. 

Fig. 13 represents an arc light motor of the latter type. 
A centrifugal governor operates a sliding contact. If the 
motor commences to speed up with decreasing load one or 
more of the field coils are cut out, thus reducing the 
strength of the field magnets and consequently the speed 
of the armature ; if the motor is decreasing in speed the 
opposite action will take place, in each case keeping the 
speed of the armature normal. 

b. The Series Motor on the Cons (ant Potential System. 

The series motor on the constant potential system is 

capable of exerting a great rotary effort and doing a large 
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amount of work at a slow speed. The range of speed for 
different loads is great, and the motor is unfitted for work 
where a uniform speed is required. 

For railway and similar work, however, this motor is 
universally used as it admits of easy hand control and the 
strength of its field may be made the same for slow and 
high speeds, small and large currents. 

Besides, the rotary motion of the armature of a series 
motor is easily reversed, either by reversing the brushes 
and giving them a lead in the opposite direction, or by re- 
versing the connections of either the armature or the field 
magnets. 

The motor is used generally where a certain amount of 
work must be done with varying speeds under hand control. 

Hence it is advantageously used for railways, cranes, 
turntables, elevators, hoists etc. 

c. The Series Motor on a System in which both Current 
and Pressure are Variable. 

It would seem at first sight that the series motor whose 
speed is difficult to govern on either the constant current 
or constant pressure system, would behave worse on a 
system in which both current and pressure are variable. 
Such, however, is not the case. 

Frank J. Sprague pertinently remarks as follows : 

" There are some special features in long distance trans- 
mission meriting notice, and one of these is the appl cation 
of series dynamos and motors where permissible. 

' ' While this type of motor does not ordinarily play a 
part in central station distribution, it has a field in the 
special transmission of power from one point to another in 
single units or batteries, and the very characteristics which 
in the machine taken singly destroy its regulation, be- 
come the means for determining a very perfect regulation 
when coupled together. Suppose two such machines are 
running, one as a dynamo and the other as a motor, let us 
see just what happens when the load varies, and in this 
way perhaps get a clearer idea of the meth- ds and condi- 
tions of self-regulation than by a mathematical investigation. 
.We will assume that a certain amount of power is being 
transmitted, and the generator is being driven at a constant 
speed, its electromotive force being, say, E, that of the 
motor, e, and the resistance of the circuit R. The current 

then flowing is — — ' which passing through the field and 
R 
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armature of t'ne motor produce the requisite torque. Sup- 
pose the load on the motor is increased, it tends to slow 
down. Its counter electromotive force will consequently 
be decreased, and even with the same initial electromotive 
force the current would be increased, thus increasing the 
torque and preventing any further reduction of speed. 

"This increase of current, however, acts upon the dynamo, 
increasing its electromotive force, which tends to further aug- 
ment the current, giving the motor more than sufficient 
torque to take care of its load. The only thing left for the 
motor to do is to increase its speed, and by reducing the cur- 
rent restore the equilibrium, and if the machines are properly 
proportioned this recovery of speed will be exact. It is 
evident that the current being the same in both machines, 

the ratio— representing the electrical efficiency, likewise 

represents the relative watt capacity of the two machines. 
It is further evident that this ratio is constant, and in order 
that this may be so, since both machines are excited by the 
same current and are run at the same speed, the character- 
istics of the two machines must be similar between the 
limits of automatic regulation. We see also that the initial 
electromotive force, that of the motor and the current, all 
vary, not by like increments, but in the same ratio. This 
same method of regulation can be applied to a battery of 
machines in series transmitting power to another battery of 
machines, likewise in series. In this method of transmission , 
where large powers, long distances, and necessarily high 
potentials are used, it is advisable to divide the generators 
and motors into a battery of machines of identically the 
same weight and character, the number of the machines 
being the ratio of the electrical efficiencies, the generators 
all to be driven from the same line of shafting, and the 
motors to drive on a common line, and the current to pass 
through all the machines in series. This I consider one of 
the best methods when dealing with large powers and high 
potentials and single units of generation and recovery, 
especially where automatic regulation is required. 

•' Its advantages are manifest. One of the greatest diffi- 
culties which we have in iynamo-electric construction in 
closed circuit machines, especially where using the drum 
system of winding, is that of securing perfect insulation 
when high potentials are used. 

"A potential of 1,000 or 1,200 volts seems as high as it 
is now advisable to go in machines of this type, when cur- 

5 
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rents of any magnitude are to be used. In the transmission 
of electricity reliability is an essential and a potential of 
3,000 or 4,000 volts, distributed over three or four machines 
in series, is, despite the increased number of machines, far 
less liable to cause failure than where put into one machine 
of the aggregate size of the four. In the event of the 
breaking down of one machine, the units may be so pro- 
portioned that, by a corresponding change in the units at 
the other station or a proper variation of the regulating 
shunt to the fields, it becomes quite possible to continue 
automatic operation. As an illustration of this distribu- 
tion of machines if wishing to use dynamos and motors of 
an electrical efficiency of about 95 per cent., a commercial 
efficiency, each of about 90 per cent. , and with about 60 
per cent, as the commercial efficiency of the circuit, I 
would, with a distance of about nine miles, use five series 
machines identical in construction, each wound for about 
1,200 volts, three of which machines would be driven by a 
common line of shafting at the generating station and two 
driving on a common line of shafting at the receiving 
station " 

So much for Sprague. On the other hand we read in 
the London Electrical Review relating to Kapp's Cantor 
Lectures the following: 

"In the case of series motors driven by series dynamos, 
automatic regulation can only be obtained within certajn 
limits as was shown by the aid of characteristic curves, at 
the lower portion of which 'racing' of the machines would 
take place after a sudden and considerable reduction of 
the load." 

This does not seem to quite coincide with a review in the 
same paper on Kapp's third edition of "Electric Trans- 
mission of Energy," in which the following paragraph 
occurs: 

"The author describes a novel transmission plant which 
he has seen tested in the works of the Allegemeine Elek- 
tricitaets Gesellschaft at Berlin. It is a self regulating de- 
vice which allows of extreme variations of load giving con- 
stant motor speed; the only condition to be observed is, 
that the generator is driven at constant speed. It follows a 
theory, explained in the book according to which a certain 
relation between the characteristics of the two machines 
insures constant speed of the motor at all loads. The plant 
described consists of a 20 kilowatt generator of the Edison 
type, working with a normal current of about 25 amperes, a 
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motor of the same type and leads connecting the two, hav- 
ing a resistance of i. .'5 ohms. The generator runs at 1 ,000 
and the motor at 800 revolutions per minute. The general 
dimensions of motor and generator differ comparatively 
little. The magnet cores of the motor are slightly smaller 
in diameter than those of the generator, and the yoke is 
somewhat lighter. The armature cores are alike in both 
machine, viz.: 11 yi inches in diameter, and \2% inches 
long, but whereas in the generator only five per cent, of 
the space is taken up by paper insulation, the space thus 
taken up in the motor amounts to 25 per cent.; in other 
words, we suppose there is 20 per cent. less iron in the 
motor armature. The winding of both armatures is the 
same, and consists of 780 turns of .657 ohm resistance. 
Each field magnet core is wound with 553 turns of wire, 
but the resistance of the coils in the generator is 1.53 ohms, 
that of the motor 1.44 ohms the reduction in the resistance 
being due to the smaller diameter of the motor magntt cores. 

" In the generator is also a slu nt resistance of 20 ohms, 
arranged across the terminals of the field coils. This 
shunt is a coil of wire doubled back on itself so as to have 
no self-induction. By the addition of such a shunt any 
slight error in the design of the machines can be recti- 
fied, and a perfect agreement between their characteristics 
obtained; it is also said to increase the rapidity with which 
one machine corresponds to the other. If the load on the 
motor be suddenly diminished, the current will be as sud- 
denly checked By the adoption of the shunt, which acts 
as a kind of electro-magnetic damper or dash-pot, the kick 
from the magnet is principally taken up by the shunt wire, 
and the machines are thereby able to aitain quickly their 
steady woi king condition." 

A. L. Rohrer of the Thomson-Houston Electric company 
applied a modified plan for a large power plant by which 
5,oco horse power is being transmitted a distance of twelve 
miles. 

The diagram, Fig. 14, will serve to illustrate tl.is idea. 
By this arrangement the generators are coupled mechanic- 
ally in pairs as one unit on one shaft driven by one turbine, 
and electrically the armatures of each unit are connected 
in series. 

Each armature has a potential of 2,500 volts. This gives 
5,000 volts for each unit at the generating station. The 
generators are separately excited, and have also series wind- 
ing, which will compensate for the loss in the line. At the 
receiving station there are the same number of units, each 
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consisting of two similar machines, with their armatures in 
series, and their fields separately excited, but without series 
winding. Each receiving unit is coupled to the same shaft 
in the same manner as the generating unit. At the gene- 
rating station exciters only are used tor charging the fields 
while at the receiving station, exciters are used in connec- 
tion with a small storage battery which is necessary to start 
the first unit. The mecharically and electrically coupled 
units at the generating station are united electrically in 
parallel in one system by an equalizing bar, as shown in 
the diagram. It seems advisable to leave the storage bat- 
tery in the circuit, permanently, to keep the fields of the 
motors fully excited, in case the speed should drop. 

In another instance, 250 horse power is transmitted a 



J" JWVotzT 



'u&Jj&J 




4W>VO,.T« 




\Qn \QF[_ 



Fig. 14. — Power Transmission with Dynamo Bat- 
tfries at High Potential^ 
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distance of ten miles with single series wound units. Each 
machine is wound for a potential of 3,000 volts, and for this 
purpose a special commutator with 798 segments was con- 
structed. 

The plan of employing single series wound units for 
transmitting power from one point to another at high 
potentials is a most excellent one, as explained before. 

d. The Shunt Motor on the Constant Potential System' 
For the distribution of large and small power units ovei 

a larger area from a central station the shunt motor and the 
constant potential system are, generally speaking, the best 
combination. The magnetic field being independently ex- 
cited, is constant and in a gcod shunt motor is so intense 
and the armature resistance so low that for most practical 
purposes the motor will run at a speed sufficiently uniform. 

The electric generators for constant potential service 
are generally over-compounded to keep a constant pressure 
at the main distributing points. The system is the parallel 
system and motors are connected like incandescent lamps 
on the multiple arc system. 

As a matter of fact a large number of shunt motors are 
in operation on isolated and central station direct current 
incandescent plants, the motors being wound for the same 
voltage as the lamps, which is generally about no volts. 

On the three-wire incandescent system motors should be 
connected between the positive and negative wire and, 
therefore, be wound for 220 volts. 

e. The Differential Motor on the Constant Potential 
System. 

Where it is necessary to keep absolutely uniform speed 
this motor may be employed. 

This motor will keep a uniform speed even when the 
electromotive force of the circuit varies within certain 
limits. 

This mode of regulation is almost perfect. If, however, 
the load should be increased above the capacity of the 
motor or the electromotive force of the circuit fall too low 
the motor will still make a heroic effort to maintain a uni- 
form speed and take more current than its armature wire 
can carry. This would blow out the safety catches, or in 
their absence would, of course, burn out the armature. 

Generally a shunt motor will give a speed sufficiently 
uniform for most practical purposes, and should be prefer- 
y emp ye . Digitized by Google 
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/. The Cumulative Motor on the Constant Potential 
Circuit. 

This motor shows the characteristic features of both the 
series and shunt motor. It will run at its normal speed 
below a certain load. This load may be exceeded and the 
motor still perform its duty, but at a slower speed. In 
other words it will not do more than its rated work and 
will sacrifice time to weight. This motor is greatly used 
for freight elevator work If, for instance, the motor can 
raise the elevator weighing (with load) 10,000 pounds at 
the rate of 50 feet a minute and 20,000 pounds should be 
imposed on its good nature, it will lift the elevator, but 
only at the rate of about 25 feet a minute, of course doing 
a work of 500,000 foot pounds in each instance. 



Chapter X. 

Directions for Connecting and Operating 
Series Motors on Arc Light Circuits. 

Set up the motor in the dryest, cleanest and best lighted 
place available, and insulate it from surrounding objects as 
perfectly as possible. 

Connect it to the circuit as shown in the diagram, Fig. 15. 




Fig. 15. — Diagram Showing Method of Connecting 
Motors to Arc Light Circuits. 

Transmit the power with a pliant belt of uniform thick- 
ness, and do not make the distance between the centers of 
motor and driven pulley too great, as the belt would flap; 

Digitized by VjOOQ IC 
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nor too short, as the belt would not transmit the power ex- 
cept when excessively tight. 

While working keep the belt just tight enough to drive 
properly by means of the slide screw, and slacken it when 
the motor stands idle. 

Lubricate the bearings with a good oil which will not 
gum. 

If the direction of rotation needs to be reversed, it is 
only necessary to reverse each brush holder on its pin, and 
change the "lead" to the opposite side. 

Oil the commutator frequently, but sparingly by means 
of a cloth moistened with oil. If too much oil is applied 
there will be sparking, the oil short-circuiting the sections. 
If no oil is applied there will be excessive wear, by grind- 
ing of the commutator and brushes. 

The brushes should not be set to bear too hard on the 
commutator. 

When the wearing edge of the brush, which should never 
be allowed to exceed in width one segment pf the commuta- 
tor, grows too broad, turn the brush so that the narrow 
edge bears on the commutator. 

Overloading the motor will lessen its power by lowering 
its speed. 

In starting the motor, in order to prevent excessive 
strain, pull out the governor lever as far as possible thus 
cutting out the field coils, before opening the switch. 
After opening the switch quickly allow the lever to return 
slowly to its proper position, as the armature attains 
speed, making sure that the ball bearing on the shaft is in 
its socket in the lever. 

To stop the motor close the switch, which cuts the 
motor out of circuit. 

Chapter XL 

Directions for Connecting and Operating 

Shunt Motors or Constant Potential 

Circuits. 

The motor is wound with the field magnets in shunt 
around the armature, and in the circuit from the armature 
is placed a variable resistance or rheostat. On starting the 
motor it is necessary that all this resistance be in circuit; 
otherwise, because of the low resistance of the armature, 
excessive current will flow, and damage may be done the 
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motor. This resistance is contained in a box on which a 
sliding arm moving over segments adjusts the current. 
Before starting the motor the arm should be against the 
stop in which position the circuit is open. After closing 
the switch the movable arm should be turned slowly, when 
the motor will- gradually start up and set up a counter elec 
tromotive force which will act as additional resistance in 
the circuit. As the motor approaches full speed the arm 
should be turned as far as it will go, thus cutting all resist- 
ance out of circuit. It is necessary that the movement of 
the rheostat should be slow and regular, for if it is not, ex- 
cessive current will flow, and the fusible plug will be melted 

The rheostat should never be used to regulate the speed of 
the motoi , but merely for starting. Never allow the rheo- 
stat arm to rest on an intermediate segment. 

To stop the motor, open the switch, and then turn the 
arm of the rheostat back to its first position. 

Fig. 16 and Fig. 17 illustrate the mode of connecting 
the motor and rheostat to the constant potential mains. 

The following summary may be found useful in direct- 
ing those who operate motors: 

Be sure the motor is well insulated from the earth. 

Keep everything about the motor scrupulously neat anc 
clean. 

Always cover the motor when not running, with a du^l 
proof cloth. 

Never close the circuit until the brushes are arranged 
as nearly right as possible. 

Read carefully the instructions received from the manu- 
facturer regarding setting the brushes 

Remember that careless handling of brushes gives rise to 
more trouble than all other mistakes combined. 

Never run too tight a belt; hot boxes are sure to follow. 

Raise the brushes from the commutator on stopping the 
motor. 

Never start the motor until oil is flowing from the oil cups. 

Do not use too much oil on bearings. It does no good 
and makes a disagreeable mess. 

Use nothing but the very best mineral oil for lubrication. 

Do not expect the best results from an overloaded 
machine. 

Never smooth the commutator with emery cloth. Sand 
paper may be used, but the commutators must be carefully 
examined to see that no copper bits project across the insu- 
lation so as to short-circuit any two segments. 

Digitized by GoOgfe 
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Never attempt to do fifteen horse power work with a ten 
horse power motor. The motor may stand it for awhile, 
but the work will not be satisfactory, and in time damage 
will be done the motor. 

Be sure that the wires carrying current to the motor are 
of ample size to give full pressure. 




commutator. 
Fig. 16. — Shunt Motor on Constant Potential 
Circuits. 



Chapter XII. 

Rules and Formulae for Ascertaining the 
Horse Power of Motors, 

In ascertaining the horse power of a motor to drive vari- 
ous classes machinery, the following data will be found 
useful : 
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a. Hoisting in Vertical Shafts {Elevators). 

If W=Weight to be lifted vertically in pounds per minute. 
S— Speed per minute* at which the hoist is to run. 
As one horse power is the power to raise 33,000 pounds 




Fig. 17. — Shunt Motor on Constant Potential 

Circuit. 

one foot high, in* one minute, the horse power required to 

run the hoist will be : H.P.— — 

33,000 

♦Note. — Compare Table XVII. If speed is given in miles per hour, 
or feet per second, reduce to feet per minute. 
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This, however, does not allow for loss in friction. From 
practical experiments it appears that the loss amounts to 
from 40$ to 65$; spur gearing being more economical than 
worm gearing. The above value should therefore be in- 
creased. Assuming a loss of 50$, or an efficiency of 50$, 

100 
the above value should be multiplied by =2, which 

gives us the formula: 

in, r ♦ WXSX2 WXS 

H.P. of motor= =*=— 

33,000 16,500 

Example: Lift 900 pounds 80 feet a minute, the cage 

being counter-balanced (preferably on the drum): 

tt t> r 900X80 

H. P. of motor= z -7 =4.36 

16,500 * J 

or about 4^ horse power. 

b. Hoisting in Inclined Shafts. 
If W«= Weight in pounds per minute to be raised on incline. 
S=Speed per minute at which cage (or skip) is to be 

raised. 
9=The inclination of the shaft. 

Again, assuming the cage to be counterbalanced it will, 

of course, require less power to lift the same weight up an 

incline than vertically, the smaller the angle (/ e., the nearer 

the incline is to thei horizontal), the less power it will take. 

We found for vertical hoisting the formula: 

H P.=^ 

l6,500 

For an incline it will be approximately: 

H P.= WX ^*-?l ne J^ 
16,500 

Example: Lift 900 pounds 80 feet a minute, cage being 
counterbalanced, on an incl ne of 45° * (ioo#, or a rise of 
100 feet for each 100 feet horizontal distance); natural sine 
of 45 — .7. (See Table XX). 

H.P. of motor— 9 ° oX 8oX : 7 ~=3 . 05 or about 3 H.P. 
16,500 

c. Pumping Water. 

One cubic foot of fresh water weighs 1000 ounces or 



♦Note. — "Percentage 0/ Grade''' is very. often wrongly defined. 
One percent, grade means one foot rise to 100 feet distance, measured 
or\ a. horizontal Wne. I" other words, the percentage is the tangent . 
of the angle of the grade and net the ?in*t 
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-=62.5 pounds; one cubic foot contains 7.5 gallons; 

16 

62 ^ 
hence weight of one gallon — !_?=8.33 pounds. 

As one square foot contains 144 square inches, a column 
of water 1 foot high and 1 square inch in cross-section 

weighs — lr=.434 pounds. 
144 
If we now call the height in feet to which the water is to 
be lifted H, and the pressure in pounds per square inch P, 
we find: 

P=-434 H 

11 ^=2.3 P 

•434 
If G=number of gallons per minute to be pumped, we 
find: 

H_p_. GXHX8.33 
33000 , 
This formula, however, does not allow for water friction 
and for loss in gearing. 

Assuming these losses on an average as 34$ (or an effi- 
ciency of 66$)*, we get: 

H.P. of motor= G X H X 8 : 33 — g*I?or in round figures 
33000X .66 2614 

H P of motors XH 9 

2600 
Example: To lift 24000 gallons per hour 650 feet. 

Solution: 24000 gallons per hour is — — =»~400 gal- 

60 
Ions per minute. 

Hence: H.P. of motor—lo^X^o^aoo H.P. 
2600 

d. Pumping against Pressure in Tanks, 
If we have to pump against pressure in tank (as, for in- 
stance, in elevator work), we substitute P for H in our 
formulae; as H— =2.3 P, we get: 

H.P.— GX8 -33X2 3XP 
' 33000 

* NoTE.-^An efficiency of from 6(y% to 6656 is obtained only under 
favorable conditions. The efficiency will greatly depend upon the 
length of the line through which water is to be forced, the number of 
turns, etc., and the size of pipe. These are points which must be 
considered in each case separately. 
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or, 



H.P.' 



= GXP 
1722 



which is the theoretical number of horse power, not taking 
into consideration the losses from friction; taking the for- 
mula 

H.P. of motor=~^ii and substituting 2.3 P for H 
2600 
we get: 

H.P. of motor= CX2 -3^ 

26OO 

or, H.P. of motor=^i > 
1 130 
Which is a formula allowing for losses from friction. 

Example: An elevator uses 300 gallons per minute; 
pressure required in closed tank 100 pounds. 

Solution; Horsepower of motor==? °° IOO =-26 . 5 horse 

1 130 
power. 

e. Ventilation. 

Below are given the speeds at which a certain make of 
fan runs, and the actual horse power required. To the 
horse power should be added at least fifty per cent, for 
losses from belting and friction. If the air is to be drawn 
through pipes the power required is greater and should be 
carefully determined by a competent engineer. 

Table XVI. 
HORSE POWER USED, AND AMOUNT 
OF AIR EXHAUSTED. 



SPEED, 



Size. 


Revolutions per 


Horse Power 


Exhaust Cubic Feet 


Minute. 


Used. 


of Air per Minute. 


12 in. 


1,000 


U 


1,500 


18 in. 


700 


V2 


3,000 


24 in. 


600 


3 4 


4,500 


30 in. 


500 


1 


7,500 


36 in. 


400 


2 


12,000 


48 in. 


400 


414 


26,000 


64 in. 


400 


6 


32,000 


60 in. 


400 


5 1 /* 


42.000 


72 in. 


300 


5% 


45,000 


84 in. 


260 


8 


56,000 


96 in. 


200 


9 


63,000 



Note.— The power required varies as the cube of the speed. For 
example, if the speed Is doubled eight times as much power will be 
required. 
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f. Electric Traction. 

Table XVII. 

MILES PER HOUR, IN FEET PER MINUTE 
AND PER SECOND. 









u 






u 






Miles 


Feet 


Feet 


&ri 


Feet 


Feet 


lc 


Feet 


Feet 


per 


per 


per 


3« 


per 


per 


a g 


per 


per 


hoar. 


Minute. 


Second. 


Minute. 


Second. 


3m 


Minute. 


Second. 








* 






M 






1 


88 


1.46 


11 


968 


16.13 


21 


1,848 


30.8 


2 


176 


2.93 


12 


1,056 


17.6 


22 


1,936 


32.26 


3 


264 


4.4 


13 


1,144 


19.07 


23 


2.024 


33.72 


4 


352 


5.87 


14 


1,232 


20.52 


24 


2,112 


35.2 


5 


440 


7.33 


15 


1,320 


23. 


.5 


2,200 


36.67 


6 


528 


8.8 


16 


1,408 


23.47 


26 


2,288 


38.14 


7 


616 


10.26 


17 


1,496 


24 93 


27 


2,376 


39.6 


8 


704 


11.73 


18 


1,584 


26.4 


28 


2.464 


41.04 


9 


792 


13.2 


19 


1.672 


27.86 


29 


2.552 


42.50 


10 


880 


14.67 


20 


1.760 


29.33 


30 


2,640 


44.0 



FORMULA FOR CALCULATING THE HORSE 
POWER REQUIRED TO PROPEL A VEHICLE. . 

33000— 33000 
where W=total rolling load in tons, 

K=resistance to motion expressed in lbs. per ton, 
S=speed required in feet per minute, 
0=the inclination of the grade. 
The value of S corresponding to any number of miles 
per hour can be filled in from the table. K can only be de- 
termined by experiment, but approximate values can be 
found in the usual text books. For raised rails K varies 
from 12.5 lbs. to 2 J lbs ; for sunk rails, from 28 lbs. to 
56 lbs. will be fair limits under ordinary working condi- 
tions. On inspection it will be seen that the first fraction 
in the equation gives the horse power required to overcome 
the resistance to traction on the level only, while the right 
hand quantity is a measure of the work done either against 
or by gravity; hence the double sign. The term will be 
negative on a down-grade, and positive on an up grade. If 
the gravity term exceeds the traction term and have a neg- 
ative sign, the equation becomes negative. This means 
that the car will travel by the aid of gravity alone. The use 
of the table and formula will best be seen from an example* 
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Let K —30, W=8 tons, Speed=io miles per hour, 
.'. S— 880. 

And, let sin 0= — ; or, f=i°o/. 

Suppose the gradient is against the Joad, we have 
HP- gXaoXSSo ^ BXaigXMoXi ^ + 
33000 33000X50 
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Table XX. 

PER CENT. GRADE AND SINES OF ANGLE 
OF INCLINED PLANE. 



% GBADS. 


Angle 


NATURAL 
SINE. 

0.00000 


% OBADE. 


Angle 
46 


NATURAL 

SINE. 


0000 





100.000 


70711 


1.746 


1 


01745 


103.553 


46 


0.71934 


3.492 


2 


0.03490 


107.237 


47 


0.73135 


6.241 


3 


0.05234 


111.061 


48 


0.74314 


6 993 


4 


0.06976 


116 037 


49 


0.75471 


8.749 


5 


0.08716 


119.175 


50 


0.76604 


10.610 


6 


0.10453 


123.490 


61 


0.77715 


12.278 


7 


0.12187 


127.994 


62 


0.78801 


14.064 


8 


0.13917 


132.704 


53 


0.79864 


15.838 


9 


15643 


137.638 


54 


0.80902 


17.633 


10 


0.17365 


142. 81* 


55 


0.81915 


19 438 


11 


0.19081 


148.256 


56 


0.82904 


21.266 


12 


0.20791 


153 986 


57 


0.83867 


23.087 


13 


0.22495 


160.033 


58 


0.84805 


24.933 


14 


24192 


166 428 


59 


0.85717 


26.796 


15 


0.25882 


173.205 


60 


86603 


28.675 


16 


0.27564 


180.405 


61 


87462 


30.673 


17 


0.29237 


188.073 


62 


88295 


32.492 


18 


0.30902 


196.261 


63 


0.89101 


34 433 


19 


0.32557 


205.030 


64 


0.89879 


36.397 


20 


0.34202 


214.451 


65 


0.90631 


38.386 


21 


0.35837 


224 604 


66 


0.91356 


40.403 


22 


0.37461 


235.585 


67 


0.92050 


42.447 


23 


0.39073 


247.509 


68 


92718 


44.623 


24 


0.40674 


260.509 


69 


0.93358 


46.631 


25 


0.42262 


274.748 


70 


0.93969 


48.773 


26 


0.43837 


290.421 


71 


94652 


60.953 


27 


0.45399 


307.768 


72 


0.95106 


63 171 


28 


0.46947 


327.085 


73 


96630 


66.431 


29 


0.48481 


348.741 


74 


0.96126 


67 736 


30 


5000) 


373.205 


76 


0.96593 


60.086 


31 


0.51504 


401 1078 


76 


97030 


62 487 


32 


0.52992 


433.148 


77 


97437 


64.941 


33 


0.64464 


470.463 


78 


0.97815 


67.451 


34 


0.55919 


614.455 


79 


0.98163 


70 021 


35 


0.57358 


567.128 


80 


0.98481 


72 654 


36 


0.58779 


631 375 


81 


0.98769 


75.365 


37 


0.60182 


711 637 


82 


0.99027 


78.129 


38 


61566 


814.436 


83 


0.99256 


80.978 


39 


0.62932 


951.436 


84 


99452 


83.910 


40 


0.64279 


1143.01 


85 


99619 


86 929 


41 


0.65606 


1430.07 


86 


0.99756 


90.040 


42 


0.66913 


1908.11 


87 


0.99863 


93.252 


43 


0.68200 


2863.63 


88 


0.99939 


96.669 


44 


0.69466 


6729.00 


89 


0.99985 








Infinity 


90- 


1.00000 
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Chapter XIII. 
Pulleys, Belts, Shafting. 



It is not desirable to use a larger diameter pulley than 
that sent with the generator or motor. 

A smaller pulley is objectionable because to obtain 
necessary friction and belt contact increased tightening of 
the belt will be necessary. This is liable to result in heat- 
ing of the bearing. 

Where smaller diameter of pu'ley is unavoidable, the 
width of belt and face of pulley should be increased from 
25 to 50 per cent. This will tend to give additional belt 
contact, and admit of running a slack belt. The belt 
should be a little narrower than the face of the pulley. 



Belts should be perfectly straight and of equal thickness 
throughout. They should be made endless. Where lacing 
is unavoidable, the ends to be laced should be cut at right 
angles to the sides. The lace holes should be formed by 
an oval punch, and extend lengthwise, thus reducing the 
section the least. Commencing at the middle of the belt, 
lace evenly so as to give uniform strength,, and never cross 
the lace on the inside of the belt. If copper or other rivets 
are used, the heads should be rather below the level of the 
inside surface of the belt, to prevent contact with the pulley. 

Belts and pulleys should be kept clean and free from 
accumulations of dust and grease, and particularly from 
contact with lubricating oils, some of which permanent y 
injure leather. Tallow applied blood warm will render 
leather belts pliable. 

Both short and vertical belts are disadvantageous. They 
always require more tension than long or horizontal ones. 
As the transmitting power of a belt increases greatly with 
an increase of arc of contact, the slack side should always 
be on top. 

Belts are less liable to slip and adhere better at quick 
speeds. Quick speed belts should, if possible, have no 
laced joint. A moderately slack belt gives best satisfac- 
tion; it lasts longer, and heats the bearings least. Tight- 
ening pulleys should be avoided; when they must be used 
they should be of large diameter and on the s'ack side of 
the belt. The most effective tightener is the weight of the 
belt on its slack side, which increases adhesion by increas* 
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ing circumferential contact with the pulley. The adhesion 
will be decreased if the pulley face is too convex. 

For ordinary light work single leather belts are more 
satisfactory. The flesh side of a leather belt is stronger 
and least liable to crack; hence it should be on the outside. 
Moreover, the smooth side of the belt lies closer to the 
pulley without air cushion. Small pulleys injure belts by 
too much flexure. A belt will not carry as much when new 
as it will after a few months' careful use. Leather belting 
may be calculated to have a tensile strength of three hun- 
dred and fifty pounds per square inch of section. 

The width of a belt depends upon the tension, the size 
of the smaller pulley and the portion embraced by the belt 
and the speed of belt. The width maybe roughly calcu- 
lated as follows: 

H. P. X 3000 
W= 



Single Belt. 



Double Belt. 



W— - 



DXR 
H.P.X2000 



DXR 
W=Width in inches. 
H. P =- Horse power to be transmitted. 
D=Diameter in inches of driven pulley. 
R=Revolutions per minute of driven pulley. 

Table XXI. 

FOR SINGLE LEATHER BELTING. 

1 inch wide, 800 feet per minute=i Horse Power. 
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Double leather belting will transmit about 60 pec cent, more> 
power than is shown in this table. 
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When it is not convenient to measure the length of belt 
over driving and driven pulley with the tape line, apply the 
following rule: 

L— 1:62 X(D-t-d) + 2 F, where: 

L=— Length of belt in feet. 

D=Diamster of driving pulley in feet. 

d=Diameter of driven pulley in feet. 

F— Distance betwen centers of shafts in feet. 

SHAFTING. 

The torsional strength of shafts or their resistance to 
breaking by twisting is proportional to the. cube of their 
diameter. Their stiffness or resistance to bending, is pro- 
portional to the fourth power of their diameters, and varies 
inversely as their load and inversely as the cube of the 
length of their spans between bearings or "bay." 

Hence the diameter of a shaft must be determined (for 
the same number of horse power to be transmitted) accord- 
ing to whether it is: 

a. The head shaft carrying main driving pulley or gear 
well supported by bearings, or 

b. The line shafting with bearings about 8 feet apart, 
or 

c. The shafting for simply transmitting power. Short 
counter shafts. 

The following table gives the transmitting capacity of 
these three classes for cold rolled and turned iron shafting 
for one revolution per minute. The figures in the second 
and third vertical columns must be multiplied by the 
number of revolutions the shaft is making per minute in 
order to get the number of horse power it can transmit. 

Example i. — What is the transmitting capacity of a 
countershaft of cold rolled iron 2" diameter at 300 revolu- 
tions per minute? 

Solution. — Table ogives for one revolution .26 horse 
power. Hence for 300 revolutions we get: 
300X. 26=78 H. P. 

Example 2. — A turned iron line shaft shall run at 150 
revolutions and transmit 44 horse power. What should 
be its diameter? 

Solution. — The horse power of a certain size shaft in 
these tables of course equals horse power per one revolu- 
tion multiplied by the number of revolutions per minute. 
orH. P.— H. P^Xrev. 
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Table XXII. 
TRANSMITTING CAPACITY of IRON SHAFTING 



Diameter of Shaft. 
Inches. 



Cold Boiled. | Turned. 



H. P. for one revolution per minute. 



a. Head Shafts. 



14 
1% 
2 

2* 
2H 
2% 
3 

ay* 

3Va 
3* 
4 

4«/ 2 

6 

5 l /» 



.046 
.071 
.107 
.15 
.21 
.27 
.36 
.45 
.57 
.70 
.85 
1.21 



.043 
.064 
.081 
.125 
.16 
.20 
.27 
.34 
.42 
.51 
.72 
1.00 
1.33 



b. Line Shafts. 



Vi 

2 

2% 

2»4 
2% 
24 



3\i 
34 
3\ 
4 



.067 

.086 

.107 

.132 

.16 

.19 

.22 

.27 

.31 

.41 

.54 

.68 

.85 



.060 

.073 

.089 

.106 

.126 

.15 

.17 

.23 

.30 

.38 

.47 

.58 

.71 



c. 


Countershafts. 
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.41 


3 


.90 




.54 


34 
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H.P. 
Hence H. P-i-— 

Hence H. P.,— -^„ 2Q 
150 v 

We find under " turned shafting " in Table b the next 
higher number, .30, which corresponds to a three-inch shaft. 
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Chapter XIV. 
Wire Gauges. 

There is a multiplicity of wire gauges. For electric 
light and power circuits, however, only two are used in the 
United States, viz.: The Brown & Sharpe or American 
gauge and the Birmingham gauge. Wires are generally 




The figure is 100 times actual size. 

Fig. 18.*— Circular Mils. 

"gauged" by measuring their diameters. What we really 
want to know, however, is the sectional area of wires, which 
varies in the ratio of the square of the diameter. A thou- 
sandth part of an inch, called a "mil," is usually taken as the 
unit of measure of the diameter of a wire. 

Since wires aie round, and the areas of circles increase 
as the squares of the diameters, we may regard the "mil" 
as unit circular wire. 

By squaring the diameter "d" in "mils" of any wire, we 
obtain at once its area in "circular mils," that is to say, 
the number of unit wires to which it is equivalent. 

This is illustrated in the figure above, where the large 
circle represents a wire 10 mils in diameter, and the smalj 

•The author is indebted to Joseph W. Marsh, general manager 
Standard Underground Cable company, for the use of this '.'lus- 
tration, which was taken from No. XI Pocket Hand-book presented 
by that company. 
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circles are the circular mils (100) whose united areas equal 
the area of the large circle. 

As the area of a circle is j X3» I 4 10 we must multiply 

4 
the number of circular mils by 3-'4i6 or .7854 in order to 

4 
get the cross-sectional area in square mils. 

Thus the ioo circular mils in Fig. 18 equal .7854X100 
—78 54 square mils. As a square inch equals 1,000,000 

78.54 
square mils, 78.54 square mils "~7~ ^~ ^ '=.00007854 

square inches. 

The following data show the relation between square and 
circular mils. 

Symbols: CM (or M)=Circular mils. 
Sq. m.=»=Square mils 
1 CM. -=.7854 sq. m. 
I sq. m.— 1.2732 CM. 
1 sq. inch*=i, 000,000 sq. m. 
1 sq. inch=i ,273,200 CM. 
I sq. inch=area of a circle of 1.128 inch di- 
ameter. 
Area of a circle i inch (iooo mils) diameter=i, 000,000 
CM— 785,400 sq. m. 

In Tables XXIII, XXIV and XXV are given the circu- 
lar mils (and other data) for the B. & S. and B. W. G., and 
for the English Board of Trade standard gauges.* In 
ordering special sizes of wire, it is alvays advisable to 
give either the diameter of the wire in mils or the cross- 
section in circular mils, not the gauge. 

One mistake often made is to call, for instance, "0000" 
wire "four o" wire. This is entirely wrong. 

Table XXIII shows that in the B. & S. gauge a "0000" 
wire is equal to 211,600 circular mils, while the term "four 
o" wire indicates a conductor made up of four single "o" 
wires equal to 105,593X4=— 422,372 circular mils. 

Fig. 1 g shows the micrometer gauge which measures the 

diameter of a wire in mils, and will answer in every case, 

no matter which gauge may be used by the manufacturer. 

The operation of measuring a wire with the micrometer 

gauge is as follows: 

♦The last mentioned table was added for the convenience of our 
English readers. 
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The wire to be measured is placed betwee i a fixed sup- 
port B, and the end C of a long, movable screw, which ac- 
curately fits a threaded tube a. A thimble Z>, provided with 
a milled head fits over the screw C. and is attached to the 
upper part. The lower circumference of D is divided into 
a scale of 25 equal parts, each representing y^^ of an 
inch or 1 mil. 

The tube a is graduated into larger divisions which equal 
t\j of an inch or 100 mils. Each of these larger divisions 
is divided into four subdivisions, each representing fo or 
y|{fo of an inch, or 2; mils 

Suppose, now, a wire is placed between B and C, and 
the screw advanc.d until it fairly fills the' space between 




Fig. 19. — Micrometer Gauge. 

them, and the reading shows one of the larger divisions on 
the scale a, two of the smaller ones on the same scale, and 
five on the end of the sleeve D. Then 

One larger division of scale a =100 mils 

Two smaller divisions of scale a = 50 ** 

Five divisions on circular scale on D = 5 " 

Diameter of wire =155 mils 

The circular scale on D bears the figure 25 along side 
of the zero mark o. This figure 25 indicates that the cir- 
cular scale is divided into twenty -five equal parts. 

Some manufacturers divide this circular scale into twenty 
equal parts, and the larger division on tube a into five subdi- 
visions. In this case the above readings would give this result: 

One larger division of scale a =100 mils 

Two smaller divisions of scale a = .40 '* 

Five divisions on circular scale on D = 5 " 

Diameter of wire f?.^ —145 mils 
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The wire tables on pages 86 to 88 are calculated on th e 
following basis : 

1. One cubic foot of copper weighs 555 lbs.; hence one 
cubic inch weighs .3211896 lbs., and one mil foot weighs 
,000003027149 lbs. 

2. Resistance of one mil-foot of soft drawn copper of 
98$ conductivity at 32°C (89.6 F)«=io.74 true ohms. (Cor- 
rectly 10.73917.) 

According to the latest researches the true ohm is repre- 
sented by the resistance of a column of pure mercury, 1 
square millimeter in section, and 106.3 centimeter long at 
o°C. and one B. A. unit equals .9866 true ohm.* 

Hence : R. 1000 ft. = , 4 ° 
d 2 

3. The column "Safe Carrying Capacity" allows for 
bare overhead wires a temperature increase of 40°C (72°F), 
and for insulated house wires a temperature increase of 
io°C (i8°F.). The figures are calculated from the formulae: 

Current => ( — -y* for bare wire (72°F temperature 
x 40 ' 
increase). 

Current =( . ) / * for insulated house wire (i8°F 

v 216 ' 
temperature increase). 

These formulae were derived from A. E, Kennelly's for- 
mulae and experiments. 

♦See report of the committee on electrical standards, read before the 
British Association, Leeds, September, 1890, and Western Elec- 
trician, Feb. 21, 1891, page 91. 
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Table XXIII. 
BROWN & SHARPE WIRE GAUGE. 



u 


CD 


M 
a 


3 * 


J3 


a S 


fc 




8> 


*rn|g 


S 

o 


i '* 




5 


B. &S 


d 


0000 


460 


000 


410 


00 


365 





325 


1 


289 


2 


258 


3 


229 


4 


204 


5 


182 


6 


162 


7 


144 


8 


128 


9 


114 


10 


102 


11 


91 


12 


81 


13 


72 


14 


64 


15 


57 


16 


51 


17 


45 


18 


40 


Mil 


1 



8 JO i s 

53 « 



•a* 

o o 
d2 C. M. 



211600 
167805 
133079 
105593 



66373 
52634 
41743 



33102 
26251 
20817 
16510 



13094 
10382 
8234 
6530 



6178 
4107 
3257 
2583 



2048 

1624 

1 



0£~ 



lbs- 



640.5 
508.0 
402.8 
319.6 



253.4 
201.0 
159.3 
126.4 



100.2 
79.46 
63 01 

49.98 



39 64 
31.43 
24.93 

19 77 



15.68 
12 43 



7.82 



6.20 
4 92 

.0030-27149 



A. 


Safe Carrying 

Capacity 
in Amperes. 


8 fill 

a t, O 08 

1,000 ft. in 
Ohms. 


&9 


18 

co n 


.050756 
.064004 
.080704 
.101712 


620 
525 
438 
369 


175 
147 
124 
104 


.128318 
.161812 
.204040 
.257291 


309 
260 
219 
183 


87 
73 
62 
49 


.324441 
.409136 
.515932 
.650526 


154 
130 
103 
92 


44 

37 
31 
26 


.820222 
1.034580 
1 304340 
1.644740 


77 
65 
54 
46 


22 
18 
15.4 
12.9 


2.074000 
2.68J440 
3.297820 
4.158120 


38 
32 
27 
23 


10.8 
8.9 
7.6 
6.4 


6.243630 

6.612080 

10740 


19 

16 

.0629 


5.4 

4.5 

.0177 
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Table XXIV. 
BIRMINGHAM WIRE GAUGE. 



s 

i 

1 


1 


a 

cfl-S 




Sib. 


Safe Carrying 
Capacity 


z a 

s 
S 


If 

CO 


hi 

■is 


0hO< 


in Amperes. 


1 

A 

°5 


1* 


~~ 








100) ft. in 


£ 


M O 

n 


B.W.G 


d 


d2-C. M. 


lbs. 


Ohms. 


a_ 


0000 


454 


206116 


623 9 


.62107 


608 


172 





425 


18«625 


546 8 


5946) 


551 


155 


00 


380 


144400 


437.1 


74377 


466 


132 





340 


115600 


349.9 


.929U7 


394 


111 


1 


300 


90000 


272.4 


.11933 


327 


92 


2 


284 


80656 


244.2 


.13316 


301 


85 


3 


259 


67081 


203.0 


.16011 


263 


74 


4 


238 


56644 


171.5 


.18961 


231 


65 


6 


220 


48400 


146.5 


.22190 


205 


68 


6 


203 


41209 


124.7 


.26062 


182 


51 


7 


180 


32900 


98.08 


.33148 


152 


43 


8 


165 


27225 


82.41 


.39482 


133 


38 


9 


148 


21904 


66.31 


.49032 


113 


32 


10 


134 


17956 


54.35 


59813 


97 


28 


11 


120 


14400 


43.59 


.74583 


83 


23 


12 


109 


11881 


35 96 


.90396 


72 


20 


13 


95 


9025 


27.32 


.11900 


58 


16 


14 


83 


6889 


20.85 


15590 


48 


13 4 


15 


72 


5184 


15 69 


.20718 


39 


10.8 


16 


65 


4225 


12.79 


.25420 


33 


9.3 


17 


58 


3364 


10.18 


.319263 


28 


7.0 


18 


49 


2401 


7 268 


.44734 


22 


6.1 


Mil 


1 


1 


.003027149 


10740. 


.0629 


.0177 
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Table XXV. 

ENGLISH BOARD OF TRADE STANDARD 
GAUGE. 



u 111 
S l S A 

a t» 


a 


n« 


L 

ii*. 


Safe Carrying 


is 


Si 

e8 j» 


Capacity 
Amperes. 


6 




p 

at 



5 


V 


Wo*: 

•as 


Besistance 

per Wire 

Conduct 

at 89 6 


5 

1 


I* 

mO 


B. T. W. 


d. 


d2^ C. M. 


lb3. 


1,000 ft. tn 
Ohms. 


B 


K 


0000000 i 500 


250000 


756.8 


.042996 


703 


193 


OOJOOO 464 


215296 


651.7 


.0*9385 


628 


177 


0000) ' 432 


186624 


564.9 


.057549 


564 


159 


0000 403 


160000 


484.4 


.06713 


503 


142 


000 


372 


138384 


418.9 


.07761 


450 


127 


00 


348 


121104 


336.6 


.08868 


408 


115 


324 


104976 


317.8 


.10231 


367 


103 


1 300 

| 


90000 


272.4 


.11933 


327 


92 


2 276 


76176 


230.6 


.14099 


288 


82 


3 252 


63504 


192.2 


.16912 


251 


71 


4 ; 232 


53824 


162 9 


19951 


222 


63 


6 212 


44944 


136.1 


.23896 


183 


55 


6 


192 


36864 


111 6 


.29134 


167 


47 


7 


176 


30976 


93.76 


.34672 


147 


41 


8 


160 


25600 


77.50 


.41953 


127 


36 


9 , 144 


20736 


62 77 


.61794 


108 


31 


10 


128 


16384 


49.60 


.65552 


91 


26 


11 


116 


13456 


40 73 


.79816 


79 


22 


12 


104 


10816 


32.74 


.99297 


67 


19 


13 


92 


8464 


25.62 


1.26897 


66 


16 


14 


80 


6400 


19.37 


1 67813 


45 


12 7 


15 


72 


5184 


15.69 


2.07176 


38 


10.8 


16 


64 


4096 


12 40 


2 62207 


32 


9.1 


17 


56 


3136 


9.493 


3.42487 


26 


7.4 


18 


48 


2304 


6.975 


4 66154 


21 


5.9 


Mil. 


1 


1 


.003027149 


10740. 


.0629 


.0177 



Note. — This Gauge is not used in the United States. 
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Chapter XV. 

Recapitulation of Important Electric 
Transmission Formulae and Defini- 
tions of Electrical Units. 

SYMBOLS USED IN TABLE XXVI. 

C— Current in amperes for N mechanical horse power 
delivereJ by motor shaft. 

E— E. M. F. at terminals of motor. 

V— Number of volts lost in conductor. 

N— Number of mechanical horse power delivered by 
motor shaft. 

M— Circular mils. 

D— Distance in feet (one way) plus $% for sag. 

/—Commercial efficiency of electric system. ") 

a— '* " " motor. Written as 

b— " " " generator. V decimal 

£— -Per cent, of electrical energy lost in fractions, 
conductor. 

K— »Cost in cents per lb. of bare copper wire. 

G— »Cost in dollars of generator per electrical horse power 
delivered at generator terminals (including cost of freight, 
setting, foundations, electrical instruments and connecting 
up) 

In formulae for minimum cost of plant we assumed: 

a— .90 (commercial efficiency of motor ) 

b— .90 ( " " "generator.) 

K— »25 (cost in cents of bare copper wire per lb. delivered 

at the poles.) 

G— 45 (cost in dollars of generator set up, per electrical 

horse power delivered at its terminals.) 

P— 25 (cost in dollars of power (water) set up, per 

mechanical horse power, delivered at generator pulleys). 
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Chapter XVI. 
Data Relating to Water Power. 

There are numerous natural water powers in the United 
States running to waste. These water powers may, be im- 
proved, utilized for electric power transmission, and be 
made to pay handsomely on the capital invested. 

As the improvement of a water power is attended with 
considerable expense, the amount of power at various 
seasons should be exactly determined to prevent later 
disappointments. 

The determination of the amount of power is best left to 
a reliable hydraulic engineer. Any manufacturer of water 
wheels, however, will send on application complete cata- 
logues giving practical rules and tables for determining the 
horse power of water powers. 

As one cubic foot of water weighs 62.5 lbs., this figure 
multiplied by the number of cubic feet per minute multi- 
plied by the head in feet, gives the foot-pounds ; this 
divided by 33000 gives the horse power. 

Or expressed in a formula : 

_ x 62. 5 X cubic feet X head 

• Horse power — 

33,000 

* 
Very often the quantity of water flowing per minute is 

not expressed in cubic feet but in " miners' inches." A 

" miner's inch *' of water is approximately equal to a supply 

of 1.5 cubic feet per minute. (See note at end of chapter). 

The quantity of water per minute in a small stream is 
best measured by means of a weir or dam placed across the 
stream. The weir tables contained in most of the water 
wheel catalogues give at once the quantity of water in cubic 
feet per minute passing over the weir. For larger streams 
it is necessary to first find the area of cross section in . 
square feet, and then the mean velocity. 

The cross sectional area is found in the following 
manner : 

Divide the width of the stream from A to B (see Fig. 20) 
in any number of equal parts. Find the depth of the 
stream at each point of division, add all the depths together 
and divide the result by the number of divisions ; this will 
give the " mean depth ;" this multiplied by the width A B 
gives the cross-sectional area in square feet. 
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Supposing the measurements 


are as follows 


Depth 

<< 

< < 


at 


point 


i — 2 feet 
2-4 " 

3-5 " 
4-5 " 

5-6 " 


i i 
tt 
<< 




<< 


6-7 " 
7-7 " 
8—6 " 




<< 


<< 


9 — 4 " 



Total — 46 feet 
Divide 46 by 10, the number of divisions, and 4.6 feet is 
the mean depth. 

Supposing the width A B to be 80 feet, 4.6X80 — 368 
square feet, the areai cross section of the stream. 

The velocity of the stream is best estimated by throwing 
floating bodies on the surface. These "floats" should be 




Fig. 20. — Cross Sectional Area of River Bed. 



of almost the same specific gravity as the water, be weighted 
on one end and, sink well into the water. They should be 
started near the middle of the stream where the water has 
the greatest velocity, and ihe time should then be accu- 
rately measured during which the float will pass a given 
distance marked by stakes. 

Two observers are necessary. 

Observers O and P (see Fig. 21) have aligned themselves 
over stakes a, b, and c, d, respectively. 

Observer O is provided with a stop watch (as used for 
horse races), which he starts when the float passes line a, b; 
then he turns his face toward P, who gives an optic signal 
when the float passes over line c, d. O, of course, imme- 
diately stops the watch. . 

The distances a, c and b, d, must be alike. 

Supposing this distance is 400 feet, and the time which 
elapsed while the float passed between a, b, and c, d, is 2 

minutes 31 seconds; speed per minute — "159 

feet. 



96 ELECTRIC TRANSMISSION HAND-BOOK. 

This, of course, is the velocity near the center and sur- 
face of the stream ; the velocity near the sides and the 
bottom, however, is lower. From experiments it has been 
found that the "mean velocity" is 83 per cent, of the 
maximum surface velocity. 

We must therefore multiply 159 X .83 — 132 feet, which 
is the mean velocity per minute. 

If we now multiply this value with 368 representing the 
cross, section in square feet, we get the number of cubic 
feet per minute ; 368 X 132 —■ 48576 cubic feet. 

The " head " should be ascertained at high and low water. 

It is well to remember that the number of horse power 
thus ascertained is the theoretical energy expended by the 
water, but only a part of this can be utilized to drive the 




' Fig. 21. — Measuring Velocity of Stream. 

electric generators. The commercial efficiency of the best 
water wheel is hardly over 8o#, besides there is a loss by 
friction (water in pipes, shafts in bearings, etc.), so that at 
best not more than 75$ of the energy of the water falls can 
be utilized for driving the electric generators. 

A MINER'S INCH. 

Dr. T. O'C. Sloane writes in the Scientific American; 
" For the ampere a peculiarly close analogy is found in a 
very well known water measurement unit, namely, the 
miner's inch. The miner's inch is defined as the quantity 
of water which will flow through an aperture an inch 
square in a board two" inches thick, under a head of water 
six inches. Here, as in the case of the ampere, we have 
no reference to any abstract quantity, such as gallons or 
pounds. There is no reference to time. It is simply and 
purely a rate of flow, exactly what the ampere is conceived 
to be in electricity, 

" In the illustration, Fig. 22, a representation of a tank 
whence water is flowing through a hole one inch square ex- 
tending through a two inch plank, and under a head of water 



•** • • ••••-•.••••-•• • 
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six inches, is shown. The perforated plank is shown as 
horizontal, simplifying the pressure question. Referring to 
these conditions, we may consider the head of water of six 
inches, as the representative of electrical pressure; in this 
case representing one volt. The aperture restricting the 
flow of water may be assumed to represent the resistance 
of one ohm; the" flow through a resistance of one ohm 
under the pressure of one volt is, of course, one ampere; 
the flow through the resistance of a one-inch hole two 









m 



mi 

Fig. 22. — A Miner's Inch. 

inches long, under the pressure of six inches to the upper 
edge of the opening, is one miner's inch. 

44 The expression, one miner's inch per second, would be 
just as meaningless, or at least redundant, as the expression, 
one ampere per second. On the other hand, the miner's 
inch-second is the correct analogue to the ampere-second, 
the one denotes a specific quantity of water, o. 194 gallon; 
the other a specific quantity of electricity, a coulomb; o. 194 
gallon per second of flow represents a miner's inch; one 
coulomb per second of flow represents one ampere; 1.94 
gallons per second is supplied by te» miners' inches; ten 
coulombs per second is supplied by ten amperes. 

44 If we attempt to apply ohm's law to the miner's inch we 
naturally fail because the laws of hydraulics differ from those 
of electricity, but, none the less, it is a very excellent analogy." 
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These Insulators are designed to prevent 
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in a recess formed in the insulator. 
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States or Canada, $1,00. 



ADDRESS 



Electrician Publishing Co. 

P LAKESIDE BUILDING, CHICAGO. 
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Knapp Electrical Works, 



— MANUFACTURERS OF — 



ELECTRICAL SUPPLIES. 

.,— .^ — . — — „...._....., — ^„... 

General Western Agents: 

"Safety" Wires and Cables, 
"Perkins" Incandescent Lamps, 

To fit Any Socket, Any Candle Power, 
Any Voltage. 



64 and 56 Franklin Street, 

CHICRGO, 
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Bell Hangers' 

HAND-BOOK 

By F. B. BADT. 



106 Pages, 97 Illustrations, Flexible Cloth Bind- 
ing, Type Page, 6x3 Inches. 



PRICE, $1.00. 



Just the book for those engaged in Selling, Installing, or 
Handling Electric Batteries, Electric Bells, Eleva- 
tor, House or Hotel Annunciators, Burglar 
or Fire Alarms, Electric Gas Light- 
ing Apparatus, Electric Heat 
Regulating Apparatus, 
etc. 



THE ONLY BOOK OF THE KIND PUBLISHED 

Sent, Postage Free, on Receipt of Prick. 



Electrician Publishing Co. 
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THOpON-IjOUSTON ELECTRIC CO. 



Long Distance Transmission of Power. 



Generators aijd Motors of Highest Effi- 
ciency for any purpose. Staff of 
Experienced Electricians. Electrolysis. 
Metallurgy. 

THOpON-YAN DEPOELE 

ELECTRIC MINING CO., 

Manufacturers of the best apparatus for the application 
of Electricity in Mines, viz.: Hoists, Force Pumps' 
Sinking Pumps, Locomotives, Tramways, Fans, Blow- 
ers, Percussion Drills, Prospecting Drills, Coal Cutters 
Lighting Apparatus, Specially Designed Insulators, 
Cut-outs, Lamp Sockets, Switches and other devices 
Machinery of every kind in practical operation. 
Write for Circulars and Estimates. 

PRINCIPAL OFFICE.* WESTERN OFFICE: 

BOSTON, CHICAGO, 

620 Atlantic Avenue. 148 Michigan Avenue. 



THE ELEMENTS OF 

Dynamic Electricitr anfl Magnetism, 

By PHILIP ATKINSOir, A. M., PL D. 

Author of "Elements of Static Electricity," and the 
"Elements of Electric Lighting." 

405 Pages, 1 2 mo, 120 Illustrations. 

PRICE S2.00. 

A Complete Comprehensive Treatise 

on the principles of 

PRACTICAL ELECTRICITY 

• • IN the • • 

AUTHOR'S WELL-KNOWN CLEAR, 

UNMATHEMATIGAL STYLE. 

Elements of Electric Lighting. 

By PHILIP ATKINSON, A. M., Ph. D. 

260 pages, 1 2mo, 1 04 illustrations, 

PRICE $1.50. 

This book is a revision of the popular series of articles 
which ran through the Western Electrician under the 
same title. A complete and comprehensive treatise on 
electric lighting, giving the latest practical facts with the 
least amount of technicality and mathematical formulae; 
with full treatment of the dynamo, the storage battery and 
the principles of direct and alternate current lighting. 



Sent postage paid on receipt of price.* 
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CHICAGO, ILL. 
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Thb "Weston Standard 

VOLTMETERS AND AMMETERS. 




These ins.ruments 
are the most accurate, 
reliable and sensitive 
portable instruments 
ever offered. A large 
variety of ranges to 
meet the requirements 
of all kinds of work. 

SEND FOR 
ILLUSTRATED CATALOGUE. 



WESTON ELECTRICAL IHSTRUMEHT CO., 

114 and 116 William Street, - NEWARK, N. J. 



THB INTBRNRTIONHL 

OKONITE COMPANY, 

LIMITED. 

13 Park Row, NEW YORK. 

INSULHTED MIRES and CHBLES 

For Aerial, Submarine and Underground Use. 

O ANDES AERIAL WIRES, M VNSON PROTECTING TAPS, 
OKONITE WATEB-PROOF TAPE. 

Branches : 

CHICAGO. 

BOSTON, 

PHILADELPHIA, 

CINCINNATI, 

ST. LOUIS, 

SAN FRANCISCO, 

MINNEAPOLIS, 

LOUISVILLE, 

OVAHA, 
KANSAS CITY. 




A DICTIONARY 



OF 



Euectrigal @ Words, 

TERMS AND PHRASES, 



By Edwin J. Houston, A.M. 



65 r > pages; 397 illustrations; cloth binding. Price, 
postage prepaid, to any part of the world, $2.50. 

This dictionary includes nearly 2,500 distinct words, 
terms and phrases. Each of the great classes or divisions 
of electrical investigation or utilization comes under care- 
ful and exhaustive treatment. For some reasons it deserves 
rather to be called an encyclopaedia than a dictionary. The 
scheme of treatment is as follows: 

1st. The words, terms and phrases are invariably 
followed by a short, concise definition, giving the sense in 
which they are correctly employed. 

2d. A general statement then follows of the principles 
of electrical science on which the definition is founded. 

3d. When, from the complexity of the apparatus, or 
from other considerations, it has been thought desirable to 
do so, an illustration or diagram of the apparatus is given. 

4th. To facilitate study, an elaborate system of cross 
references ha^ been adopted, so that it is easy to find the 
definitions as the words and aliases are readily detected 
and traced. 

In applying these rules, care has been exercised to secure 
clearness to the end that while the definitions and explana- 
tions shall be satisfactory to the expert electrician, they 
shall also be simple and intelligible to those who have had 
no training at all in electricity, or are novices in the art. 

ELECTRICIAN PUBLISHING CO., 

6 LakgsWg Building. . . CHICA60, ILL., U. S. A. 



ELECTRICAL SUPPLIES 

Of Every Description, 

INCLUDING 

LargeandSmall Electric Motors 



SWITCHES, .... 

All Makes and Sizes. 

. CUT-OUTS, 

Wood and Porcelain. 

. • • BRANCH BLOCKS, 

Approved Styles. 
ALL POWER TRANSMISSION SUPPLIES A SPECIALTY. 




General Western Agents for Okonite and 
Improved Candee Wires. 

CENTRAL ELECTRIC COMPANY, 

1 1 6 and 1 1 8 Franklin Street, 
GHIGRGO^ 




EDISON 

General Electric Co, 

Edison Building, 

Broad Street, 
NEW YORK CITY. 



ELECTRIC GENERATORS, 

ELECTRIC PERCUSSION DRILLS, 

ELECTRIC ROTARY DRILLS, 

ELECTRIC MINING LOCOMOTIVES, 

ELECTRIC HOISTS, 

ELECTRIC LIGHTING SYSTEM, 

(Arc and Incandescent.) 

DERIVATION OF PRACTICAL 
ELECTRICAL UNITS. 



By Lieut. F. B. Badt and Prop. H. S. Carhart. 



PRICE, POSTAGE PREPAID, 75 CENTS. 



This is a very handsome book of 60 pages, printed on 
fine heavy paper, with neat cloth binding. It contains 
portraits and biographies of Ohm, Watt, Faraday, 
Joule, Gauss, Weber, Sir William Siemens, Dr. Werner von 
Siemens, Volta, Ampere, Daniell, von Jacobi, together 
with a carefully prepared table of the Practical Electrical # 
Units, with their relative values. In no other single 
volume can this rare collection of portraits be found. 
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